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ABSTEACT 

. ,^ ' This report is the third- of three volumes describing 
the results of the evaluation of the National Science Foundation 
<NSF) Local Course Improvement (LOCI) program. This volume describes 
12 project case studies undertaken as part of .that evaluation. Three 
projects were designed to increase in,dividualization of college 
science teaching; two involved applications of computing aids in 
teaching: four involved the design of laboratory materials with two 
of these being inquiry: and three were attempts to update the content 
of science courses. The projects chosen for the case studies were 
determined in two different ways. Two projects were chosen on the 
basis of reporting successful . outcomes. The remaining 10 projects " 
were chosen with9ut knowledge of the outcomes from over 100 proilcts 
to represent types of settings (universities, four-year colleges,^and 
two-year. colleges) and academic backgrcands for the prc-ject ' 
directors. These were chosen at random after being categorized by 
sch^cl and program. The case studies represent --a synthesis of on-site 
visits and study for the project: proposals, reports, and materials. 
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Chtfpter 1 
Introduction 



This report describes 12 case studies undertaken as part of a 
comprehensive evaluation of NSF's Local Course Improvement (I.0CI) 
program. The report -is the third in a three-volume set describing 
results of the evaluation.- The first volume presented an overview of 
the evaluation and provides a summary of all project results. The 
secpn'd volume described detailed findings from quant itatiye^nalyses. 
carried out as part of the project. v ^ ^ 

LOCI is pile of . a number of programs through which NSF's Division 
of Science. Education Resources Improvement provides support to 
strengthen the capabilities of schools, colleges, and universities for 
science education and research training. LOCI helps colleges and 
universities improve their science instructional efforts at the level 
ot individual courses or small groups* of courses.; The program 
provides up to two-thirds of the total cost of a project for maximums 
•of $25,000 and two- years. In 1976 .LOCI received 169 proposals and 
funded 6(5, with an average award of $13,600. In 19^ the program' 
received 750 proposals and funded 129, with an average award of 
$17,000. In 1978 it received 453 proposals and funded'l35,. with an 
average award of $16,700. 

In July 1977 NSF requested proposals from educational 
institutions and research centers for the evaluation of its LOCI 
program. The request for proposals specif ied a. prcJl^ject" that would 
answer questions in several areas: / 



1) Need foi:' support for local course improvement— What evidence 
exists that institutions need out si^e^ssistance to keep iip . 
with currently .important scientific and instructi>onal 



■ developments? How. do needs differ in different types , of 

\V: . institutions anij in different .sciental ic' fields t ^ 
'\. 2) :Response-i^o liOCI—Do 'applicants for awards* tepresent -the full 
range of institutions and scientific fields? Are proposals 
■ and .funded projects consistent with es'tablished needs for" ' ' 
. instructional improvement ? ^ . • . - 

3')./0utcomeSv^of LOCI program—To what extent do projebts' achieve, 
^i^r objectives? Which sorts of objective's are most often , 
' achieved? -What factors within pro jects contribute to' t 

success? What are the iQOst promising practices that haVe 

•' . ■ * - . ' _ ■ . . ■ ■ ., _ • .. . " ^ ..... • _ " 

been. developed in LOCI projects? / ' v ' 

, * *^ •■ ' • 

4) Program rationale — ^ire program guidelines and ^re^strictions 

reasonable? Are l^vel of support , degree of structure, and 

time allotted adequate? What other alternatives are there? 

On, the' basis, of our response to this request for proposals, we 

received a preliminary award to plan an evaluation of the LOCI' program 

in September 1977 . On the bjasis of the plan we submitted in January 

1978, .we received an award to carry'out a comprehensive evaluation^ 

The project was carried out in the period of September 1978 through 

■ .' ' ' ' ■. , • 

March 1980. 7 ' 

To answer the questions posed by NSF, we collected data using 
several different methods with several different populations. To draw 
conclusions about the need for local course improvement, for example, 
we contacted a representative sample from the total population of 



. •teachers of.iin-dergraduate science and engineering; To de'termine 

' wliether t^e existing LOCI pr^ogram- was responsive to perceived; needs , 

•■ we.,jise4jJSF documents to construct prof iles of .proposers and; o$ award " 

-^----7-:-^-^-^-::- — ; — — = — 

. recipients, and we compared these to. a national profefe- of ' college ' -. 
- ■ .science teachers: attd, to the picture of needs' developed in th6 /first ".; 
part of. the project.- To determine whether program guidelines were \ 

» appropriate, we read, Classified,, and analyzed; pro^osali" "funded by NSF 

V ' - '. ' ■ ' . , . . ■• 

during the;^ years. 19,76 through)l978. -to /tevaiuate outcomes^bf mW^^^ 

, ^ojects, we analyze^^questionnaire responses and final/reports '"from ^ 

•• .|^.^*-e«t'ai^»/o'f -'cotipleted/iiro jects . We also made <^s it e visits t'^'a^ - ' > 

;/ representative 'sample of these projects. ^ . . • ' -/ ' Z'" ' 

-.. This vplume presents -only the^ results from the "case' studies.' 

: Chapter t describes results; from three pro jects- designed to increase ' 

; :r individualization of college science teaching. Chapter 3. presents ' 

• results fromtwo applications ■ of computing aids in teaching. Chapter 

4 describes_ two prpjects that designed inquiry i?aterials > fpr 

laboratory instruction, and chapter .5 , describes^two projects on ottier- V 

"laboratory materials. Finally, chapter 6 presents results from; three 

attempts to ^revise or update the co^tent of science courses; / '. 

. ^« '^^ose. to visit the 12 sites described . in this volume in two - 

' ^ifferent ways. After reading final reports, on approltiiflately 70 

^projects, we chose two sites that" had successful outcomes .for j)ur 

^^.^^^ visits. We wanted to -be- sure that such successful projects were 

well xepresented in the case .studies The remaining ten projects /were ' 

chosen without knowledge of resrults from a hundred or so projects 'that ^ 

-were completed by December. 1978. - We selected the ten projects to ' 

'\ r^pi^esent different types ^ of settings (i.^., universities, four-year-- 



colleges, and twb-y^ar colleges) with project Wifectars of different 
acddemic;backgf6un4s Ci-i^^e^ ,\ teniired and unt^nured);. Projects we^e 



selected at random within th<?se categories. 



^ Visits to the projects vwere made neither by the evaluation- 

director James Kulik or by project ' senior research associate Cynthia 
■ Luna or by. both. Rul^ik'made four ^visits alone;* Lud^ made three* alone; 
they made five site: visits as a pair • On' on^ of the five visits, they 
were a^ccpmpahied by Frances . Lawrenz, a metOilj^r o£ the advisory panel 
for the LOCI, evaluation. ' The visits.. were, typically one. full day in 
len'gth, and^'thej/ were made bfetween' the iiQ,nthsvof Octaber 1.979 and 
Januajr;^ 1980i , , ' ; M / : • ; 

. A. typical visit included''^ one-, tp .two-hou'r discussion with the 
projfefct; director; meetings , with other. available project staff members; 
,4 •meeting with either a department chairperson br^ dean to discuss. 
^ > -project effects on the. institution; and meetings with faculty 
^ V colleagues whb may .have been affected either directly or indirectly by 
a' project. Hlien possible, we ialso visited classes or facilities 
: affected by- t fee LOCil project; Fi'tially, we collected any available 
' project documents- alid wriVten materials on p settings. , 

, \ • The -ca^fe ^tttdies that -are presented in this volume reflect not 
\ buix,^x6ur^sits t but also our reading of project documents 

and materials . Before and after our visits, we^S^tu^ed proposals, 
reports, and project materials. The. case studies" that follow 
represent our effort ^to synthesize a variety of materials and 
, impressions into'i? succinct sketches. 



. . Chapter 2 - 
Individualizing Instruction 



• More than half of all projecits receiving LOCI fumHng were 
designed tp reyise teaching methods in college science courses. A 
substantial number of th^se projects on teaching' methodology were 

meant to individualize teachingr-to adapt instruction to the 

-*•'..• . ■ ' ^/ ;•• 

backgrounds and aptitudes ot individual learners. Most of the 

individualized syste^is of instruction used in the pro'^gects were — 



mastery-oriented and self-pacedv atid thejTrelied /heavily on- 
instructional materials. 

In this chapter we describe three of these ^ojects on 
individualized teaching. In the first project a teacher pf astronomy 
used Keller^s Personalized System of Instrtiction tPSi) in a sequence 
of upper-level courses for majors. In the second project a physics 
teacher developed individualized materials so that he could offer 
several different low-enrollment science classes at^'the same time. In 
the third project *a community . college teacher developed instructional, 
m^dterials that individualized both content and r^e of learning for ^ 
students in his classes. 



A PSI Course Sequence in Astronomy - 
. . *■ ■■ ' " ■ ■ ^ ■ 

The site for the PSI project in astronomy was; a large' state. • 

university in the Southwest. Founded as a state normal school before^ 

^ the turn of the century, the institution is' ..today the'state's majpr / 

research university as well *s it^major institutio'^f, public higher 

. ' ' • ' '\ — 

' education. It; occupies a ^00-acre campus with more than 120 buildings 



ERIC 



in a metropolitan area of 400,000, and is compased academically of 
nine undergraduate schools and colleges, a graduate school, a school 
of law, and a school of medicine. .Its mission is to serve the 
citizens^of -the" state"~^by offers 
higher level. • ^ ^ ■ 

The university had a recent enrollment of more than 17>500 
undergraduates and approkimately 3000 graduate students, 300 medical 
students, and 300 law: students . This enrollment was nearly equal to 
the combined total enrollment in the state's six other, pub LicT colleges 
and universities. About 90% of the undergraduates, were residents of 
the state, and almost 90% of the undergraduates lived off-campus. 
Admission to the school was^ not; very competitive; recently the 
university accepted 96% of those who applied. By the end of .the 
freshman year, 30% drop out;. between 30% and 35%. remain to graduate; 
and about 35% of these go on to graduate school. 

The full-time faculty recently numt^red approximately 750 
(excluding medical school), and the student-tea.cher^atio was 21 *to 1. 
All faculty members reporte^y held doctorates, and salaries for 
professors were at the national average. The university has no formal 
instructional or faculty development center now, but is eg inning to 
investigate the possibi^ty of establishing A formal • program. ' 
Released time for instructional development projects is occasionally 
available. Faculty members, apply directly to department chairpersons, 
and requests* must be approved at the dean's level. Summer stipends 
fpr faculty have been available for many years but* these are for^ 

research rather than instructional development projects. The. 

. ■ . ■ ' ' ' • ■ ^ 

University administrators we talked to reported having themost. 



difficulty providing equipn^ent and materials for cdij^se" improvement- ' ' 
projects. Even here, however, the. university's provost -has 
o cc a s iijjnalrly -b een -at>l e- to" uw- d is cr e t i6"n^^^ 
• faculty members i j • 

. The director of the PSI project in astronomy is a member o'f ik^l 
sevehteen-person department of physics and astronomy. Teaching load 
in the department is usually nine contact-hours, per week. .The 

I ' V ■ ■ * * 

department has offered the Ph.D. in physics since L948,-. and the number 
of graduate students, in physics recently numbered 56.^ The university 
does not have a separate" graduate program in astronomy, and has only 
two full-time equivalent faculty^ positions in this area, 

-Background' of the Project ' . * * ' . 

■ . ... • ' . ^ . ,■•■-»■•*. 

The .project director has had a long-standirig interest in methods- ^ 

■. % ■ ♦ ■ • . . • 

■ of sciepce teaching. While pursuing his/graduate degree in astronomy 
-during the ear-l-y 70 's, h,e began taking courses in education to deepen/ , 
his knowledge -of teaching methods.. One of the new approaches he ■ 
learned abput>^as Keller's Personalis^ed 'System of Instruction. This. " ■ 
method's empKasi's oB one-to-one interaction between, a teacher and a 
learner seemed especially attracti^ye to him^ After attendii^^ a week- 

^ong workshop^at the Massachusetts Institute of Technology tn 1972 to 
.lea.rn,^r^, about PSI, he received support from the President's Fund 
for .Iitoovatioa at his institiitioii to implement this teaching/ method in 
two lower-divis^j^^^ourses . Th6 coiarses _h^ designed were; among the * 
first astronomy^ c^^3 , giyen b^- • PS.I ^ in this 'country.. H6 developed. 
the materials, measurViv 



papers on hls'work wh 



•'^^vj^t^ and published several 

^^^^^ll^l^^^^ graHua'^e student.' / ^ 

' M^'1^J]i-/'\ ' ■'■jr^^'t^-^ . . . ^ : • ■. '• 
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^His interests in teaching did not abate with receipt of the ' 
r KPh.D. .and acceptanpe o£ a pbsitj^oji as assistant professor in 1975, 
, 'this lie yp ost, he wrote an introductory astronomy textbook^ now gbing 

into its third edition. He continued/'to seek out opportunities to 
. learn more about teaching, and. took, for example, a 'course on v 

"Professor' as Teachej" given by the assistant provost at his ' . 



institution. And he made >very effort tq continue the work on PSI * 
that he began as a graduate* student. ^ '^1^1 

.The teaching ^challenges he faced at* his- new university however. 



. were di^Ef brent from, those he faced earlier;* As a graduate student,"^ 
. ^ the project director taugh courses in astronomy for non-iaajors ' at one' . 
^ of the most selective undergraduate schools ' in the cquhtry;, As a -/ . 

faculty member, the-prbject, director was responsible for teaching" 
* courses for scienc^ concentrators 'at a school with a wide range of ' 
istucients. ' Because his new. ;^e^^^^ had only two. full-time, faculty 

members '^in astronomy and. lacked large research programs in this, area', 
role models were few for these majors in astronomy. But the project 
director decided "that PSI could also help him. in. this new situation. 
♦ To develop a PSI course, a faculty member has* a. number of things 
.to do: selection of appropriate materials for 10 to 15 units of 
instruction, development of study guides for these units, construction^ 
of quizzes., and revision aiid rerevisio'n of materials. All these 
/things take time, and they require supplies and master rals. In 1976 
; th,erefore the project . director decided to get outside help in order to 
. introduce PSI courses in astronomy at his new institution. He 

prepared« a proposal for the LOCI- program, to develop ^a' year-long PSI 
sequence in astronomy at the junior-senior -level . The proposal • 



^ requested approximately $10,600 from the National Science Foundation.. 
; The mqhey was ;to be used ^largely for . summer^ salary (two months of 
full-t,ime salary fdr two years) . . A small ^amount of money was to be 

-■used for travel; supplies, and consultants, the proposed duration of 

* . ■ ■ <• ' • * 

the p^roject was 15 months.' " ' ; 

' , .4 

Pro lect^ Goals » V 

/ Aih6ng the project director's concerns about uppox-level astronomy 
courses were'^ these three: who was slearning the material, how were 

'they learning, and what were they learning. Students came to the 
project .director's upper-level courses with a wide range of. 
backgrounds. Some students did not have adequate preparation in 
mathematics and physics: . The project director wanted all of his 
studentsr^to learn astronomy, not just those who . were well-prepared for 
work in astir onomy. He also wanted these students to learn in the wgy^ 
that astronomers learned—not by being told but by finding out. For 
the project director, theilecture classroom encotiraged passivity. 
Informal PSI classrooms were more likeastronomy labs . Individuals ' 
discussed matters on a one-to-one basis, and teachers and tutors 
admitted their ignorance when they were unable to answer questions 
students asked. And finaHy^ the project director wanted his students 

to see the new vision of the universe that astronomy was providing. 

He thought that astronomy departments, especially when they had only a 

few faculty members, 'often failed to coiiicaunicate to student majors the 

excitement of the. field. ^ ^ 

Mhe projects director's specific goals for his astronomy sequence 
therefore included: 



a) t6 devifiie teaching methods and material^ that would be 
. ' appropriate for the wide range of students he found in his 

'Classes ; 

. . b) to make the activities of the students learning astronomy 
. more similar tb the actual activities of astronomers at work 

c) to incorporate new advances in astronomy' into his courses . 
In accomplishing these objectives , he hoped to create courses that ir 
would serve ^as wor^ might encourage others, at the - 

institution to r^»:}:ructtire their' course^-^ •' . ^ . - , 

Project Activities ' 

The two courses to be redesignesd with LOCI fiiriding formed a 

sequence. The first course in the sequence was The Solar System; the 

■ ■ <j ■ • 

second was Stars and Galaxies. These two courses were fairly new to . 

the curriculum at the project^directdr's institution. First offered 

in 1974-75, thej;^ were taught by the project director in 1975-76 in a 

conventional teaching format.- The courses were usually taken by 

juniors and seniors-ften to fifteen in each course each term — and they 

were required for the major in astrophysics. 

. The project was to be carried out in three major phases. The 

first phase was* to occur during "two summer months of 1976 . During 

this time, the project director intended to define objectives, write 

unit sti^idy guides covering these objectives, and construct unit tests. 

The second phase was to cover. the 1976-77 academic year when the ' 

project director intended to teach the two courses using the PSI 

materials. During the third phase, which was scheduled for summer of 

1977, the project director intended to revise the -course materials in 

light of student evaluations made 'during the academic year. 



The project moved along on schedule and with no major deviation 
' from the project director's plans. During the summer of 1976 the 
•_^j^ject director developed PSI materials. for the two courses. 'During 
the academic ye§r, he used tfieHiaTerfals when he dffered thetwo 
courses. The courses operatea? in typicaiTTSI fash-ion. About 15 
Students initially signed up for the sequence. Students were ' ; 
sophomores, juniors, and seniors, and their backgrounds were mixed. 
About lialf had the expected math and physics background, but about 
'half did not. During the t-hird phas^ of the pro ject ,■ the project * 
director undertook the revision of thfe ^course. The most serious / 
problem. he encountered was one he had not anticipated. The tests 
• constructed during the summer took too long to complete. ^Revision of 
unit tests therefore became a major task during the third phase of the 
project. 

Project Effects and Evaluation 

In his proposal to the LOCI program, the project director 
described two instruments that he intended to use to evaluate the. " 
effects of his work.. One was a questionnaire on PSI that he had 
developed earlier for use in research' -on lower-level courses in 
astronomy. The other was a general instrument for evaluation of 
teaching available through his present institution's office of 
institutional research. ; 

For the past three* years, the project director has collected 
results from his PSI courses using these two evaluation forms. First, 
he collected data on the university's course evaluation questionnaire. 
For the sake of comparison, he presented results from the PSI sequence 
alongside results from the sequence before -he revised the teaching 



??tl?L0A» Ratings for this astronomy sequence were quite, favorable in' 
both PSI and non-PSI formats. Students reported that they gained 
'factual knowledge, mastered ^principles, mastered the discipline's 
ijethods, developed problem- solving skills, and would like the 

instructor fofr another course. The ratings for the revised course, 

■ . •• ^ • . ■ 

however, were consistently higher than ratings for the non-PSI course, 

' -V. . \ ^ ■ *' . \ 

•The projiect director also collected student responses on the 

■ . " ■ \ ■ ' ■ ■■ 

specially designed questionnaire. Since items on this questionnaire 
applied only to PSI instruction, the project director w.as .utnable to 

] • ■ • ■ Vv;..- .-.'-^ ; ■ 

use this questionnaire in his conventional courses. For the sake of 
comparison, therefore, he presented results achieved in the sequence « 
for majors alongside results achieved in earlier PSI ^courses he.' 
designed for norf-sc^nce majors. Responses on this questionnaire were 
very favorable in both the sequence for majors and in the course for 
non-majors. Bu£ gienerally the responses of majors were more favorable 
to PS[I., ^ 

On our site visit, we talked to students who had just completed 

the first course in this sequence. The- Solar System. Their. 

.. • . ■ "' . .' , ' 

impressions of the course were unlformly^ favorable. The students/ 

^ • ■' ^ . 

liked the lack of pressure and the opportunity for one-on-one 
interaction with a teacher. The students also pointed out that the 
workload in the course was very heavy — about twice as much as in other 
courses. One student commented, and others*agreed, that the teacher 
wag important for. the^ success of the course. He pointed out that the 
project direct'ot was always available and was interested in the work 
of each student. The student said that he could imagine this method 
being far less successful in the hands of other teachers. The only 



■13 ■ ■ V'^^ -; ' ' .. : 

negative thing that, the studei^ts said about th.eyormat was that it 
provided only limited 'opportunities for hearing t^he project director 7 
lecture. They said that-^is was somewhat unfortunate because they 
considered the project director to be a stimulating Wd effective 
•lecturer.. . ' ' ■" * \\ 

The project director also compared/^dropout rates in PSI and non- . 
PSI versions of the course, and found no difference.' He^lso noticed 
no 'difference in course enrollments in PSI and non-PS I versions of the 
course or in grade distributions. ' was not ableito make formal ; 
achievement comparisons. The course sequence that he revisedv^as ' 
newly introduced at the institution so there was no tradition .of 

examinations to' build on. The prpject director estimated that th^ 

p ' • . ^ * ■ ■ ~ • 

cost of teaching the course sequence by PSI might be about .20% higher 

- -■ . • ■ ■ ■ ■ ■ ■ ■ ^ ■•. ' 

than the .cost of teaching by conventional methods . The ma'in reason 

for the higher cost was the large amount of time spent with students 

At conferences and meeting's, the project director told other 

instructors at other institutions about, his PSI work. A number of 

these instructors requested copies of the materials for examination, 

and several adopted the materials for use at their institutions. 

Although pleased about this off-campus use of his work,,-the project 

director was somewhat disappointed that his work has not had more 

effect within. his own institution. Colleagues within his own 

department have not used his methods and materials, and he has had 

only small successes so far in convincing others outside his 

departments^ experiment with mastery-oriented' teaching. 
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■ • •-.^ ■• . . s •' ■ ^ - ' '. • • 

single Instructor Multi-'-Level instruction ;^ - 

/• - The, project on single instructor multi-level instruction. took ' 
place at a nonsectarian Christian liberal arts college with a student 
body of approximately 1500, divided almost equally between men and 
women; Founded in tVe middle of the nineteenth century as a college*' 
for women i-n a small Midwestern town, the institution moved at the / 
turn of the century to its present rural set,ting. Today the cpllege 
occupies a 240-acre campus that include^ an eight-acre lake and a 

.woods. Nearly half of the buildings at the college have been. 

* . ' ■■ ■ .- . ■- ■ ^ 

constructed in the past five years.. Although the physical campus has * 
changed, over the years, the collegers commitment to evangelical 
Christianity hasi^remained ^f inn. .All . students, regardless of religious 
affiliation, are^ expected. to attend chapel services three times a 
week. ' Comm(inity expectations include abstention from use of tobacco, > 
alcoholic beverages, profane' language,^ and from dancing and gamblin"^. 

' ■ * ■ * 

, . About' one-third of the students at the college are residents of ; 

• * ' <> ■ ■ . ■» ■. ' 

the state, the rest are frpm out-of-state. . About 80% of the students 

live in residence hall^ on campus. They pay approximately* $420D a 

'year for tuition and fees, roiom and board, and books and supplies. 

Admission to the school is cditfl'gtitive. Recently, the' college 

^received 733 applications, accepted 640 and enrolled 4S^?^^eshmen. 

Entering freshmen averaged 460 on tha vertal section of the Scholastic 

Aptitude Test and 496 on the mathematics section. At the end of the 

freshman year, 5% drop out; 65% remain ^to gr.ad.uate; and about- 50% of 

the graduates go on to graduate or professional school. 

The\ student-teacher ratio on the campus is 17' to 1. * Over 52% of 

the faculty members hold doctoraEes j ^and salaries for these faculty. 



members axe at the national average. The college supports the * 

• teaching improvement efforts of its faculty in a number of ways. At 
the request of a faculty member, for exam^)le, the dean of instruction 
will provide released time during the January inter-term for. 
development of ' a new course,- new course materials, or for other 
faculty development activities. A program supported by a two-year- 

• grant from the Lilly Foundation -also encourages faculty development 
activities. During the summer of 1979, this grant provided stipends 
of between $500 and J$1000 to about 10 faculty members to worlj on 
instructional projects.' The Lilly grant also provided funds for. a 

three-day conference on teaching held before the start of fall classes 

.' ■ ' • , ■ ■ '■- ■ .' .. ■ - ' 

for faculty at the college. Called the Colleagues College, the 

conference .featured mini-courses «<Mi teaching methods, on issues in 

teaching., arid on coiirse content. 

The college has^ developed a sophisticated cours^ evaluation 
'system through which faculty members collect student reactions to 

their teaching, interpret .evaluation results, ^nd plan strategies for 

improvement.' Faculty members first jievise their own student course 
evaluation forms ifsing a catalog of items similar to the ones in 
Purdiie University's cafeteria system (Seibert, 1979) or 'The University 
of Michigan's Instructor-Designed Questionnaire (Kulik, 1976). Forms 
are computer-generat;ed; and student responses on the forms aire also 
tabulated -by computer. Assistance in intelrpretation of "results is t 
available'from the chairpetson of the psychology department, who 
serves as the college's consultant' on. evaluation. In addition to 
helping* individuals interpret evaluation results, the psychology 



department chairperson also offers training sessions for dth'er 
department chairpersons- on , interpretation of evaluatlou results. 
Background ' ' ^ J 

\The project director is presently chairman of the chemistry 
department at the college. When he developed his proposal for LOCI 
funding, his position was professor of chemistry, A^graduate of the 
college himself, he became a member of the faculty after receiving hi 

.^Ph.D.. in 1966 In addition* to teaching in the chemistry department, 

^- ' ^ ' \ ■ •-..-•>':^' ' 

the project director holds joint appointments in the <Iepartments of 

' « ■* ' . ■ ' . - ^ " 

physics and ^.tifoffiiation sci'ences. 



lly small in 
also*has three 



Thfe science- departments^ at the college are gener 
size. Chemistry is a three-pferson department; physi,cs 
department Wembers, In 1975 when the project directorl prepared his 
LOCI proposal, only four or five students were graduating each year 
with a decree in chemistry, ^nd only two, or tjhree students a* year 
graduated with a major in'-physics. Good science facilities have 'been 
available at. the college, however, ^si?ce tl\. completion of a scierice 
center in 1968. The science center consists of a rectangalar four- 
level structure, a lecture-room complex, and a solarium-animal wing. 
The building houses the departments of chemistry, physics,^ 
mathematics, biology, arid information systems. - ' \ 

In 1975 the project director was concerned about the future of 
three of the courses he taught: a physics course (Introduction to 
Electronics); a chemistry course (Scientific Instrumentation) ; and a^ 

course in information systems (Mini-computers) . The three courses 

■' ■ ■ \ 

were upper-division courses that used expensive equipment. lEach ' 
required a heavy investment of time from a teacher, who had to 



- . • ■ : 17'^ ■ : ■ .'. ' 

K ■■■ ■ ■ .. ' ' " ' . ' . ■ ' ■ . . ' ' ■ . 

supervise laboratories ^nd the use of equipment. Although the three 
courses were important elements in science programs at the^ c^^ 
•each.served a very small number of majors each year. Introduction to 

.Electronics, for example, was offered four times between ia'70 and 

. - ■■ » , • . * . , • . 

^ 1975.J This /course had enrollments of three in 1970, five in 1971, . 

. four' in 1972, and three in 1973. "^^^ " • 

^ The/project director felt that these courses could serve larger 
numl^rs of students if they -were offered at several different levels 
at the ^me time. Introduction to SlectrOnics , for Example, tnight, 

appeal to medical technology students in addition to its; more * ^ 

^ V ■ _^ , 

traditional clientele, of chemistry and physics majors ; Mini-comjiuters^ 
might attract students majoring in chemistry and physics as well as 
its more traditional audience of students in mathematics, computer 
science, and business; Scientific Instrumentation' might appeal to 
premedical students with, a variety' of mdjoxs and backgrounds. To 
serve the. varying backgrounds, abilities,' and interests of students, 
the project director proposed what he callied Single Instructor Multi- 
Level Instruction for Low Enrollment Courses (SIMILEC), This abroach 
was meant to enable a single instructor to offer simultaneously 
several sections of a course directed toward different audiences. 

SIMILEC was to use educational techniques similar to those used 
by^Keller and his colleagues in their Personalized System of 
Instruction (PSr). Keller and his associates originally used their 
-method with lower-division courses with fairly large enrollments, but 
by the mid-seventies PSI had been adapted to a wide variety of area 

4 

and teaching situations, and the project director began to wonder 
about its applicability to courses with very small enrollments . ^ He 



r 
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finally: concluded , that; techhi such as those use^ in PSI might 
enable a single instructor to offer two or more small enrollment 
courses in .the same place at the same time without overloading the 

. instructor or impairing the overall ef f el:tiveness-ofJiis_qr_h« 
teaching.. Th,ere was nothing novel about students working in the same 
college classroom on d iff. erent units of material. Keller and others 

• had shown many times tha^t this couW be done. But in- Keller's classes 
all students were working thxougU-materj^l that was part of the same 
sequence^ What the project director wanted to demonstrate^ was that' • 

different students could york on different sequences of couTse 

■ ■ ■ . ^ . • . • . 

material ,ia a single classroom at the same time under the direction of 
' a simgle'' teacher . 

The project director requested $20,600 from the LOCI program to* 
implement his ideas about single instructor multi-level instruction.- 
Staff members for the SIMILEC project were to include the project' ^ 
director, another faculty member from chemistry,- two faculty members 



from physics, an^ one from the biology department. Most of the NSF 
funds were to be used for full or partial summer salaries for these 

- faculty members. AVsmall part of the NSF money was to go for 
laboratory and instructional materials. As its . contri1)utdon to the 
project, the institution waived all indirect c^ts and provided 
secretarial support for the project. The project director proposed a 
15-month duration for ^the project — from July 1976 through September 

. 1977. 

Project Goals and Activities 

The main objective of this project was to increase the enrollment 
in three science courses by making these courses accessible to. 



- students with varying needs and backgrounds. The ..pro ject director ' 
'hopefd to increase, enrollments without increasing instructional costs 
and without impairing the quality of instruction. The project, 
director hoped that the material he devised for low-enrollm,ent courses 
^""^.'^ also be useful for students in independent study coursfes . • ' 
Finally, he expected to be able to use SIMILEC modules to train high-,, 
ability students to work. as assistants for certai^i phases of advanced 
science courses. For example, Cell Physiolog)^ and ^Animal Physiology 
were senior biological courses at'the college for which ■there were 
ordinarily no qualified assistants. The project director intended- to' 
use. SIMILEC modules tO train ^high-ability students in. certain areas of 
interest SO that these students could then serve as assistants in'- 

■■ ; * ' . ■■ . , ■ ■■ .■ ■ : '. ■ . 

these areas when they too4,.the'senior biological courses. 

From the fii;st, the project director planned to involve his ' 

colleagues in SIMIL^^tivities. , The involvement of other faculty .; 
members would bring several- different, perspectives to the modular 
materials. When dffered in the •conventional mariner^ for example, the 
project directV/s course, on scientifi6/instr?amentabipn. presented the 
expertise and perspective of a single discipline./ As a modular'; ■ ' 
.course, s'cienti^c instrumentation was to -reflect the viewpoints of, 
faculty members^ several departments. In' addition, the project ■ 
director thougMt .that involvement of several different faculty members 
in SII^jXeC wduld increase the use of the materials. ' 

The project^'^'^rect^r^egan writing materials for his three j ■ 
courses during -the summer of 1976, and he continued writing through 

■ * ■• • • V - ■ ' ' ' * ' , 

the sunmier of 1978..' By the beginning of the 1976 academic y^ear^^he 

u ' ^ ' ■ '■ '" ■ • ■ -■ ■ ' ' '"K 

had completed enough' material to offer Int;roduction to Electronics !'and 



. - • ■ ■ . ■ _ 

Scientific Itistrumentation through SIMILEC. Progtess on the course in 

Information Systems was Somewhat less smooth.. ^Computer technology 

advanced rapidly.^ during the years of; the- SIMILEC project, At^ the . 

' ■ * " . ' ■ « *^ ' ■ . ' * 

start, of the project, mini-comput§rs were ait exciting new developnjerit 

in computing;, by the.middle 'of the grant .period, microcomputers were, 

\ " ' ■ - ' * '^-.-V'-v ^- . ' . - :V 

snatching attention ^away from ^tihe minircbmputers 'instead of "writing 

materials for a course Kon miiii-to^ pgp/5i^ 



director deveffeped. materials for a Taew coursei - fntrdduct^on to 



MicrocQmpviters, and of f ered'-this course'.for 'tHe first time' durihg 
January 1978>*? • v ' • , . " < ^ / ^ ' ' . ' ' W 

The faculty .member 6 in chemistry,. physics.,' and biology also . 
a.Uthored. modules oh the project. The faculty ^membet in biology 
deVeloped six moduTes. on the use *^of ' the pKysiograph, three on the 
atomic absODp,tipn spectrophotometer; and two on -use of the / ' 
o>cilloscope in recording bioelectric "potentials. The two faculty 
members :in physics wrotfe modular materials on electron microscopy : and 
X-ray fluorescence spjectroccopy . Finally;, the faculty member in 

Chemistry wrpte modules on enzyme kinetics 1 - <i' 

^ \ ■ . ^ . i> ^ • ■ " • 

♦■J \ , • , ■ ■ ■.: . . \i ' , ' ■ 

The* materials were revised after their initial/uses , and are 

today employed m various ways^ at the college- The ^rojectv director 

♦ ■ ' ' '. I ■ . ' ■ , ■ • . 

uses the materials in regularly scheduled multi-leyel instruction 
cour!seS. One 'Of the physi^sts;j^f^h9'^^ project uses his - 

material on- X-ray fluoresK:epce\ in. ^a. supplemental mode in his course; ' 

■ ■ ■ ' ^ ■ ' ' ' ■ ■ "■■ • ■ r- ■ 

th^ 'other 'uses his material' with independent study students. The 

:^d<:ulty membeir froii) , chemistry who worked with the project director on 

SIMILK.e uses the ma'terial ;h*e developed on enzyme kinetics to 
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substitute for lecture teaching for one week in his course/ The "* 
biology professor uses b^s materials with ^independent study students/ 
Evgitiation " ' ' 

Although the evaluation planirted for SIMILEC had several. : . 
components, its major fdcus was on student enrollments. The p^prbject 
was meax^t to increase the number of enrollments, and the diversity of 
students in. ^hree courses. The project director planned to compare 
enrollments and majors in these courses before and after SIMILEC as a 
way of evaluating the effectiveness, of hi^ work. He also want^to be 
sure that the quality of his teaching did not suffer with. SIMILEC so 
he planned in addition to collect student evaluations from the revised 
courses. 

The project director's summary of enrollments in his three ' 
courses shows the impact of SIMILEC, Before the use of this teaching • 
method, enrollments in Introduction to Electronics, for: example, were 
three or four students per. year , The students were-. physics or. 
chemistry or mathematics majors with good preparation for this course. 
With the use of limited SIMILEC materials in 1975, introduction to 
Electronics was offered at essentially two^Xevel^ One lev^l was 
taken by six students with a, strong background in electVonics— two ' 
students majoring in- physics, two in chemistry,* one in mathematics, 
and one in .biblical literature. The section for students with less 
preparation was also taken by Jsix ^students — one student majoring in' 
biology, one in philosophy of -religion, two in biblical literature, ■ 
one in business and information systems, and one in medical v 

. ' ' ' If ' . 

technology, ...^ 



. In. suBs^Squent Ve the project director has continued^ to offer 
multi-level instruction in Introduction td *Eled.tronic's----twQ sections 

= in, 1976, two in 1977 , three in 1978, tw6 in summer of 1979 , and two in 
the regular term of 1979 .\ Enrollment s in thi$ course were: 12 in 

. 1976; 13 in 1977; 13 in 1978; 6 in. the sunmer of 1979;%n*d 12 in 1979 .- 

during the regular term. The other courses offered through SIMILEC — 

Scientific Instrumentation and Microcomputers-rshowed a. s-imilar growth 

in the number and diversity of student Enrollments. 

The project director also collected, tabulated, and interpreted 

student evaluation forms from the two levels of Introduction to : . 

Electronics in 1975, 1976, and 1977. In general, students responded 

favorably ±6 the ^^c to the teacher. Reactions wete especially i. 

tayb^rable. i^^ the level of the tourse taken by s^tudents without strong 

backgrounds. Out of the six students signed up for this section-in 

1976, for example, two responded "strongly agree" and four responded 

"agree" to the, course evaluation item,. "Overall, this' course is among 

■ . * ■ ■ ■ •'. . - ' ■ 

the best I have ever taken. ^ Student evaluations received from other 
: • ■ . ; • • ■ ■ ■ ■ ' . ■. . ^ _ ' ■ • : 

revised classes were also favorable. The project: director note'd,. 

however, .that student reactions to the :thre,e^c^^ more' 

tor less favorable than reactions to these cours.es bef ore l;h^y ^ere, 

.offered with SIMILEC materials, -^^ ^ : - . ' ' 

Studeht evaluations of 'the SIMILEC^^c^ showed one area 6f 

dissatisfaction, however.' A number of ' students comtaentedj that these 

courses required too much time and work.' Students with strong 

backgrounds for Introduction to Elect tonic s^were especially emphatic , 

about this point. In an effort to improve ^;his aspect of his course, 

■ . ■ ' , " ' ' i ■ ■ ■ . 

the project director has -recently asked students to keep "daily logs".. 



of 'the .tiie they spend on the course. The project director hopes -to 
^be able to use the data to schedule course activities in the future. 
Workload is also a problem in the other two courses—Scientific 
Instrufflentatidn and Microcomputer5~and it has occurred as a weak 

offered. The. project director has a reputation of being an. excellent- 
but demanding teacher. 

Finally, the project director wanted to establish for himself * 
that students learneS:^^^^^ in SIMILEC courses as they had in the 
courses .offered bef^^^^ were revised. He therefore included on 

the progress quizzes for students with a strong background in 
^ electronics some questions similar to those usjed on tests given before 

development of SIMILEC materials . Since student performance on 
, progres^ quizzes was^.satisf actory, the project director felt confident 
ttiafcvstu^ the new format were mastering material 

similar to that mastered by students who had taken' the course in the 
more conventional format. 

• An Individualized Sociology Course at a Community College 
Tills project took place at a community college located in the 
downtown area of one of the major cities in the South. Established in 
1966 as the first institution dn a seven-campus district, the college 
has in the years since earned a national reputation for some of its 
innovative approaches to education.- The mission of the college is to 
meet the varied educational requirements of the growing" metropolitan 
community that it serves. To meet these needs j the cpllege tries to 
develop educational programs tailored to each student's needs, 
abilities,' and ambitions. ; 



- Like oth^'cbmmunity colleges, the programs at this institution 

fall into three broad classes. Some of the programs are for students 
majoring in traditional academic fields with courses transferable to 
senior' colleges and universities ; others are for students majoring in 
technical-occupational programs designed to give the student a degree 
and a job in one or two years; and still others are for students who 
.enroll in -continuing educational or non-credit courses because they 
want to enrich their lives either vocationally or avocationally • In 
addition to its more conventional '^offerings , the college offers 
classes in downtown office buildings for employees, classes in the 
county jail for both inmates and jailers, and classes at both public" 
and private high schools for seniors. 

The college had a ^recent enrollment of approximately 6000 
students, and the students were of all types. About one-third were * 
enrolled as full-time students, and two-thirds were enrolled part- 
time. Fewer than half the students were between the ages of 18 and / 
25. \Two-thirds of the students were women, and approximately half 
were from minority backgrounds (43% Black and 9% Hispanic). Recently 
1500 students applied for admission; 99% were accepted; and 65% of 
those accepted enrolled. Approximately 63%. of the freshmen returned 
the next year, and 45% of the entering class graduated. 

The faculty consists of approximately 160 full-time faculty 
members and 190 part-time teachers. Most full-time. faculty hold the 
master's degree. The college; helps support the instructional 
improvement and professional development activities of these facult'y 
members by making .available productivity awards and summer project 
awards. The productivity awards provide funds for instructional 



materials, supplies, and equipment, but ido not provide salary support. 
The summer, project grants provide stipends for faculty members working 
on course development during the summer months • Additional help on 
instructional projects is available from! the. college's instructional 
development specialists, who consult on development of materials, and 
from its technical specialists, who provide help on printing of 
materials. Released time is generally not available for course and 
. professional develo'pment activities. Faculty members are expected to 
^develop and improve courses as part of their regular wprkload. 
Background of the Proiect 

The faculty member who directed the LOCI project is currently an 
instructor in the social science division." He received his master's 
degree in socicttlogy in the mid-sixties , and taught at the high school 
and community college levels before taking his present position in 
1973. The social science division that he joined includes the 
disciplines of psychology, police, science, gbvemment, history, and 
sociology. There are ten full-time faculty members in the divi;5ion. 

In 1974 tha project director received from the chairperson of his , 
division some literature from the National Institute of Social 
Sciences describing a program of ^grants to be awarded to colleges and 
universities for ^experimental programs in experiential educatioa. The 
.project director prepared a proposal in response to the solicitation, 
.and in 1975 he received funding for his project.^ The purpose of the 
project was to design and. implement a course to meet the educational 
needs of both law enforcement officers and pre-prof essional stu'dents 
serving limited internships in social agencies. The course was to 



include both seminars and work with individualized materials, called 
alternative learning packages. 

In his report on this project, the director wrote that the 
seminars "were probably the most rewarding experience he had ever had 
a~s""an eliuca^ 

wrote,v but he f elt confident that they produced changes in 
participants that would be of enduring value. The flexibly scheduled 
work on alternative learning packages, on the other hand, assured the 
: project director that the program participants covered course content 
The two elements — seminars and individualized work— -seemed a potent 
combination to the project director. 

The success of this effort stimulated the project director to.^ 
think about redesign of his introductory sociology course. He hoped 
to extend the seminar approach to this course, and to design the 
iridividuali^d materials that were necessary for the success of the 
seminars. But he needed money for materials and supplies ^ and he 
needed^free time to construct materials and to lay out the course. 
The project director therefore contacted the resource development 
office at the college, district headquarters to learn* about external 
funding agencies that might provide support for this project. He . 
learned Jthat NSF's LOCI program was a^possible funding source. 

His LOCI proposal described a project to develop a self-paced 
system of instruction for introductory sociology . The proposal 
requested $7300 from the National Science Foundation. The 
institutional contribution to the project was listed as $3600. .NSF 

funds were to cover released time for the principal investigator 

■ ■ ■ ' ' * . ■ ■ . ■ . ■ • • . , '■ • 

during the academic year, salaries for an assistant and a secretary. 
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iand costs of instructional materials. The project was schedulek- f or 
completion in seven months and was to start in September 1977; 
Proiect Goals and Activities 

The pur pose of th e project was to design materials for a self- ^ 

paced and individualized course . in introductory sociology. These 
materials were to include: 

. a) A Teacher's Manual — This would contain instructional 

\ materials, references, reprints, and ideas about ways to 
implement a self-paced course. 

b) A Student Resource Manual—This would list nonr-print media 
material, relevant readings, paper topics, research topics, 

• v 

and other elements that a student might use to. construct an 
individualized study program. * * 

c) A Guide for Studying Textbook Material— -This would contain 
objectives and self-tests for seven textbook modules . 

-The project directbr expected these materials to be helpful to other 
teachers of sociology, especially staff members on the three new 
campuses of the college district, whether or not they chose to teach a 
self-paced, flexible entry course. - 

The project director , however, intended to use the materials in a 

• 5 , - ■ • ' ■ ' ■ ■ ■ ■ • ; : ... ' 

.truly individualized fashion. His idea of individualization went far 

< ' ■ . _ - 

beyond the conception embodied in Keller's Personalized System of 
Instruction. The Keller plan allows students to ^move through , a ^course 
a't their own individual rates, but all students follow the same 
sequence Mjf course material. Content is not individualized. The • 
project director planned to individualize both pacing and content in' 
his sociology course^ In consultation with the course instructor. 



each Student was: to; develop an individual contract, specifying papers 
to be read, slide-tapes to be viewed, seminars to be ^attended, and- so 
on.; The only common requireiaent for all students in the course would 
be demonstration of cbtfflJetence oa seyen units of textbook material. 
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Resource manuals for -students and teachers' were necessary because the 
individual contracts were based on the materials in these manuals . 
Guides for studying textbook matisrials ^were also neces^sary becaus,e. of 
the requirement of -mastery of textbook material . 

The project director also intended to permit flexible entry into 
his courses. In this I'espect top,. he went beyond many users of 
individualized systems of instruction. He hoped to be able to let 

'students enroll in his proposed course on the first day of each mbnth. 

-Learning contracts would then be signed,, and students would proceed 
through their individually designed jprograms at their own'^ ral^e in . 
their own fashion. Stiidejcits would exit from the course when the terms 
of the contract were fulfilled. ^ ' 

The project director .^eempleted project activities on schedule. 

. • ^ . ■ . ■ * • * '* ■ . 

He wrote the manual of resources for t^eachers, the manual of resources 

■ ' ■ ■ - ■ ■ ■ -Or 

for students, and the guide for studying textbook material. He also 
purchased copies of films and slides for an individual study center, 
and obtained copyright wativers for materials to be duplicated. 
Support from college personnel was necessary for completion of the 
project* on .time. The college's instructional development spec ialilt^ ' 
assisted the project director 'in developing seminar presentations and • 
in writing sections -of the learning packages. Secretarial staff . 
provided the help necessary fdr technical preparation of, the 
materials^- * ' ^ ' v 



:T^^^ represent an impressive a cHi^TiTement. Tha 

. 343-page Resource Collection for Sociology Teachers contains: 

a) 15 seminar topics, each with suggested questions fox a 
__ discussion-leader^;^ — — — — _ — -i — __. _ — — — . 

: l ^y^ ./^ exercises for testing student ability to, analyze and 

synthesize concepts and theories of introductory. sociology; 
. y c) . 41 learning packages, each .consisting of a Learning source 
- ' (efVg^/att audiotape or reading), a list of objectives 
; ' specifying.what is to be learned, and test to . 

measure, mast'ery'^f the objectives; / ' 

;d) 12 designs for- oyerhead transparencies; 

e) 4 appendices- containing fonns, used , in .individuali 

- .instruction., such as learning agreements and aigreeiaents on * 
flexible entry; / ' 

f) numerous gurides to use of these and otl^^r^ateirial? in 
. ■ teachiiig.. - ' ■ ' ■ ' ■"'■■^ . ''-^^'i^i-y.:'^^- ■ 

Additional materials^ that- cp&plement those in the/manual for teachers 
were contained in .the 45-page Regdurce^ Manual for Sociology Students - 
and tjie 56rpage^ Textbook Study Guide' , ' < '■ * • ^ - •■ ' \. 

When the projgc^ director teaches intfaductpry sociology, he. uses 
these materials', in th/ individual ized\in4tiner . - He . has ;'libtf ever, Aad to 
make some accommodations to institutional policies : in the use t>i:.the.'. 
materials .- Jhe «tate.'s formula for fxil^iin^ on the' basis of " . 
"headcqunts" on certain dates, "for examp^i^pc^^^^ the project 

director's use. of flexible" entry into lif^cisur.se. Complete 
flexibility in entry into the 90urse migh^^liave caused 'some reduction^ 
in funding. So;far, however, the project director' has been able to . 



meet^such requirements without cpmpromisiitg his original vision of 
. individualized learning programs for his students. 

The>project director is sure that he will get continued use from 
H19 materials in. his courses in the future •v Institutional changes 
.could change the waiy that he uses these materials, however. A 
possible reduction in services available from the Gollege;^s individual 
study center, for example, 'would: affect testing in his cotlrse. But. 
his project materials are diverse and open to many kinds qf uses so 
the project director doubts that an^ institutional change would make 
the materials completely obsolete in the foreseeable future. . . ' 

The project director has not yet . seen- much nise of his materials . 
by his colleagues. One part-time and one full-time instructor in 

\. another community college in the district uses the materials in 

' , ' *•■'.* ■ ■ 

. teaching introductory sociology, . but* full-time iiastructors on fe^e . 
prpj'ect directory's campus have not made any use -of the materialis. • In 
the future, the project director intends 'to make a greater effort to. 
inform the part-tim^ instructors in sociology about his approach to . 
teaching* He beli^eyes' that .these instructors would profit most from 
use of project materials. ^ 

The project director's methods have . influenced instruction at his 
college quite substantially in another way however . The college 
, recently received a grant from the NSF'^s program on Cppaprehensive 
Assistance to Undergraduate Science Education' (CAUSE) to restru^ure 
■five courses in the" divisions of social sciences, and science using 
the project. director's format for the restructured courses The CAUSE 
t>roject involves I4 faculty members who teach course's in developmental 
- psychology, psychology of personality ,' marriage • and- family , 



.. anthropology, and ecology. An important feature of the grant is 

provision of released time to faculty members to develop these 
__..learning„packa&es.__.The--director--of-the-LOCI-proji^ 



sociology is also project director for the CAUSE*grant. 
Evaluation of the Project 

The project director did Hot propose a formal evaluation for his 
project. His proposal stated simply that he would submit his 
materials to. JJSF as proof of his project's accomplishments. In^ 
addition, he proposed wDiting a general evaluation of the project 
based on his experiences. 

Nor did the project director carry out a formal evaluation. His 
, assessment of project outcomes was informal and impressionistic. 
Based on his own observations and student reactions expressed on 
course evaluation forms, the. pro j let director concluded that -his 
approach is most, successful with/students who are initially highly "' 
motivated, to learn sociology. The interactive seminars appeared to 
reduce the barrier between the instructbr and these students/ The 
project director .reported that more of these students dropped by to 
talk to him .during office hours as a result of his new approach to 

^teaching, and a number of the students .seemed to show more enthusiasm 

!-...■ . . ■ 

, .. .... ■ ^ ^ .... 

about college in general as a result of^the self-paced format. On the 



other hand, fewer students used .filmstrips and slide, presentations- 
than the project director had expected] A few students with . ' 
underdeveloped verbal skills especially^ did not^ participate in seminar 
activities with any enthusiasm. ' . \ j 



The directors of the projects on. individual iiied instruction 
reported that the LOCI program met their needs. They could think of- 
very few areas in which pUiogram guidelines could be improved. The 
project director at the liberal arts College said that he was glad 
that a final project was required. While writing the final Report on 
his project, he had the opportunity to reflect on what he had ' 
accomplished. . The project director at the community college said that .. 
interactions with LOCI personnel were especially helpful on the 
administration of his grant. 

'Thie "sociology teacher at fehe community college suggested two 
areas where NSF might revise guidelines and procedures. .First, he 
recommended that NSF staff scrutinize more. carefully the workloads of 
project directors to ensure that project plans are realisti^^- Second,, 
he recommended that evaluation guidelines be made more clear and 
specific. He thinks that all proposals should include a plan for 
evaluation of project results, and he thinks that his own proposal was 
inadequate in this respect. He suggested t,hat NSt'^<t>lay a more active 

. , ..... ^ .. . .. ...... -* ».>w, 

role m providing assistance and consultation on evaluation of 
projects . * . : 

. Summary and Conclusions 
The three projects on individualized instruction clearly had 
positive outcomes. The project directors produced the instructional 
materials that they had intended to write. They used the materials in 
their courses and are continuing to use them rfegiilarly. The use of 
these materials has changed substantially the teaching approaches in 
the courses. In addition, two out of the three project directors 



./carried out formal evaluations of tl^eir projects, and the results of 
these evaluations were positive. 

Results from these projects were consistent with results from 
Other projects involving individualized instruction. ' Our analysis 
final reports (described in Volume II) showed that many project. ' . 
directors who carried out formal evaluations of -.their projeiits had 
worked with individualized approaches to teaching— especially Keller's 
Personalized. System'.of Instruction. A number of the final teports 
stated that use of Keller's teaching method led- to m^ positive 
student, attitudes toward courses. * ^ ,. ' 

A number of factors prdbably contributed to the succes-s of '£hese3 
projects. Among these are the following: 1 ' 

a) The pxrojects used a simple "low" technology—priAted' 

, instructional materials. This media did not present great 
obstacles to teachers. They did not get trapped by hardware. 
^ b) The projects-were' primarily oriented toward revision of ; 
specific courses taught by the project directors; LOCI 
projects appear -to be most succei^ful in bring irig about 
changes in specif ic^ courses .;. They appear to Be less V. 
successful in bringing about broad .changes in departments and 
colleges. ;^ !: ; 

c) dlear models -were available for the project directors /for 

development of individualized instruction. Two of the project 
directors, attended workshops wher^; other science testchers 
taught them >(iw to design indiyiduaiized courses. The other 
teacher, w^^p was it an institution a special commitment 



j to itidividualized instruction; had' expert Consulting help T; 
availabie' on campus , . 

d) Clear models for evaluation of individualized instruction wete 



also available. Many cortege teachers, have evaluated their 
individualized courses in recent years, and revie\/ers have 

summarized results of such evaluatioins time and ^gain. At' 

' • ■ ■ ■ " " . 

least seven major reviews of effectiveness of Keller's v 
Personaliz^ia System of Instruction have appeared ' in the last 
few years, for example. This ttadit ion of evaluation may 
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influence .college teachers working in the- area to document the 

. - ■ : • ' . \ ■ " ■■ ■ ■ ^ ' 

effects of their work. ; > 



Chapter 3 
Computing Aids in Teaching. 
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The computer -played a major role in approximately one-third of 
all LOCI projects designed to revise teaching methods. The projects 
used the computer in a variety of ways. In some projects the computer 
served as a tutor, patiently presenting programmed information.. In V 

soyie the computer managed instruction. In other projects. th^' computer 

• ■■ ' . • ; ' .', • '. - ■''»,.'■■'•...•■' 

, presented models of social or physical . reality for students to 
:.;^xplore. In stilJL other i)rojects the computer serV^d as a problem- 
solving tool. 

The two case studies in this :chapter. describe projects on 
computing aids in teaching. In the first pr^oject a faculty meiiiibier at 
a community col lege ^t.tempted>^^ use work on programmable calculators 
to enrich the mathematics ^leaim^^ students. In t^e, second 

project a teacher, ofycngineering 'attempted to design appiicatipti r 'i^^ ' 
programs for a "smart" terminal system (or micrpcoinputer system) of/ 
His own. design.. .' , . ' 

Computer Aids in Engineering 
The project on computer aids for students in eng^ineering took 
place on the main campus of a large state university in the Midwest. 
Founded in the early nineteenth centuryj the school his. since become 
one of the leading' research unive^^ in the country.' 6n the 

r institution's mali campus, located in a city of lio,000, there are 18 
separate schools and colleges. Branch campuses are located in two 
nearhy cities.. * ^ , 
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The university^'s main campus has an enrollment, af '^0 ,000 
undergraduate students and 10,00.0 graduate r students . Admission is 



' very competitive. Recently, 11,500 students^applied for admission * 
^aad 70%^ were accepted. The average score ;p*f entering fre^^^ 520^ 
on the verbal section and .590 on the.mathOT^^ of the: 

Scholastic Aptitude Test. About :5%.Qf the students dropout at the 
end of freshma^.year, and over 70% remain to graduate. Expenses- at 
the university are high compared to expenses at other state 
uitiiviersities. .^Total costs were tecently estimated at $3800 for 
.residents of. the: state and. $6100. for nonresidents. ' ' 

'The university faculty has 2400 full-time members, nearly all' of 
whom? hold doctorates. Salaries for professors are well above the^ 
national average. Among the faculty members are many nationally and 
' internationally Icnown researchers an4 scholars . At most schools and 
colleges of the university, exceptional promise in research and • 
scholarship" is^rt promotion. ' \ ■ . 

In the early sixties the university established; ^h' l^^^^ 
wide center, to help its faculty adapt bo new. developments^ in teaching^ 
and learning.: Since then, this center iias developed programs that 
provide infpmat ion, . consul tat iani ^ faculty members 

interested in e^siyl bring new approaches in education. The center tp4ky f 
offers approximately 25 workshb'p'^ isacV.tem^tp help university^; ; -^^^ 
teachers develop their instructional skills or. learn new apjprokches . 
It also makes awairds of up "to $5000 each to faculty :'menii5jers^ 
instructional and f^iculty development projectV;'. Awards total -nearly 
$100,000 a year, but even so only one-thi;rd of the proposals received 
are funded by the center. ' ' . 



The instructional development center at the institution also 
supports course, evaluation activities .^Individual faculty members , 
.departments, or colleges may use the center's catalog of coursjg 
evaluation items to design-student rating forms appropriate, for their 
courses. The cente^r then prints individualized evaluation forms, ' 
tabulates results, and returns copies of results to instructors. This 
^..course evaluation system is used in approximately 2000 -classes each 

term at the university. ^ ./ 

. ■ ' . .• • ' >' . • . ' ' ■ ■ * - • ■ ' ... f 

Background Of thg Project 

.The faculty member who directed the LOCI project oil tomputer-(aids 
in engineering is a fuir prof essor in the department of electrical a 
computer engineering. He received his Ph.D. in 1960 froitf. a major/- - 
research university in the Midwest, and moved to his present position 
iji^l966. He is author of three books and more than 40 articles in his 
field. . His department dates back to 1^895 when it was called the ' . v 
department of electrical engineering. The department recteived its • 
current name in 1971. The department currently has 52 faculty" 
members, most of whom are actively engaged in enginee;rii5g. ;^^esearch or 
profes;5ional- consulting. • " . 

.^jjlthough a number of university-wide resources fQr. teaching 

improvement are available at the project director's instj^i^utiori,; the 

■ ■ . .. •'. ■■■ '.: . ' . ' . ., ' : ■ . ■■■ ''y:'-/'^ ' : .. 

•project director perceivejd resources for instructidnaL^^ as 

low in his college. Although individual department s^i^^ 

are sometimes able to provide released time for instruct ionii' p.r^ 

of faculty members, such' released time is rarely avail^yte in the . 

project director's department. ' In addition, t^ie- prof^^^^^^^^ • 

reported thjat resources for purchase and .inaintei^^^ 



inadequate in the college of engiqeering, and that faculty members 
have to compete to rec :ive yiearly equipment awards. Finally, ^ the 
project director reported that the college places highest priority on 
"pure" research projects and on attracting exteirnal funding to support; 

faculty and graduate student research. The project director said that 

"•' ": '" ■ '■ ■ . ; " . •■ . ' ■ ■. : 

there was little ■external iricentive for faculty members to conduct 

» •' ■ - . • .•••',* ■ • '. • ^ '. ■ ■ 

instructional 'imprpveinent proj.ects bn undergraduate teaching. 

. A number of factors stimulated, the project director to develop 
his proposal on computer aids for students in engineering. F^rst, he 
had a long-standing, interest in computer technology, a,nd wa3 following 
closely developments. in the field of microprocessors. In the mid- 
seventies, new developments .in'microprocessing seemed to be especially 
•^^mising, and the field, was filled with excitement. Second, he was ^ - 
interested in the. application of computer technology in instruction. 
He had previously received an NSF award for a large-scale project on - 
display-based instruction. As a part of that project, he had 
developed exercises in book form which could be run on a 
microcomputer. Previous efforts to introduce these and other ' ^ 
exercises in large-scale computer-assisted instruction in .his 

department had failed • because the efforts depended upon the" 

■ * .' 

availabilit$- of the university's time-shared computing system. The 
project director thought that; microcomputers would free faculty 
members from dependence on -thfi heavily used terminal system and 
deliver feedback to. student s.rm^ efficiently. With these ideas in 
mind, he prepared a proposal for the National. Science Foundation. ; . 

. The total amount requested from NSF was approximately $19,000 . ^ 
institutional contribution to the pJroject was to be $2500. NSF funds 
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were to pay for two months of full-time summer salary for the project 
director; three months of full-time summer, salary and nine months of. 
on€-quarterrtime salary for a programming assistant; and Computer 
, costs. The project was to begin in June 1?76 and was expected tpbe 
completed in 15 mo-nths. - ! 

Project Obiectiveg and Activities | 

The major objective:of this project was development of 

' ' . ■ • • ■ . j ■■ * ■■ - 

application p^rograms foi; a locally built "smart"- terminal system (or 
micro conlp^uter system) . The locally built tenQi|naI. system was reported 
to be in operation at the time of the" request f|or NSt" funding, it 



^^ncluded_ijceyboard7-^^ (Intel 8080), a TV monitor, and- 

a memory device, with a total cost of -approximaUly $750. The 
application programs would make this mitrocompafcer system useful in 
the undergraduate electrical engineering curriculum. Proposed use of 
the application programs ^were for : laboratory exercises in courses, 
^classrobm demonstrations, and independ^^^^^ 

The firoject activities were 'to occur in three phases . During the 
first phase, the project director proposed to develop: ^ 

a) gfiphics. system software ai?d a small interactive operating 
system; ,. 

b) a cross-compiler so that future application programs l^ld be 
. -.^ developed more rapidly; ' v • ' 

c) six application programs. ; ' 

The second phase of the project was to take place during fall and 
winter 197^5.. During this phase the application programs were to be 
used in; the electtical" engineeriiig department, and decisions were to ' 
>e made about best mode of use. of the progranis.. During the final 



^hase of the project — one month , in the sunnner of 1977—program8 were 
to be documented, and a manuscript describing the system was to be 
prepared for publication. i-' ' , 

Project activities did not follow this proposed schedule. The 
project directory's decision to change the schedule. at the very outset 
pf the project was baaed on the rapid development of microcomputer 
technology in the months before the project was funded. By the time 
t^e project began, a kit to build a small personal computer became 
available. Instead of relying on the hardware described in his 
^praposal-^the-pro;]e'ct~"airectoF^ to buy a kit and assemble this 

computer for -the project. The project director thought that, in the 
long run he. would avoid hardwire problems by using the commercially.' 
available microcomputer kit. 

It turned out that he simply exchanged/ one set of hardware 
problems f or another^. He and his graduate assistant first spent 
valuable time waiting for delivery of equipment^ from. the manufacturer . 
They then spent additional valuable months trying to assemble the 
microcomputer. The project director finally concluded that the/kit 
was defective and that the microcomputer could not be assembled. 
After a year of delsrys, the project director finally abandoned the 
purchased hardware in frustration. ' ' 

The project director secured a time (extension for the project, 
and assessed his situation. By the summer of 1977 .computer technology 
had already advanced beyond the capabilities of * the microcomputer lei}: 
he had purchased. Microcomputers were now available already assembled 
and at reasonable/ costs. Under pressure, to complete the project , the 
project director purchased a Radio Shack TRS 80 with his own funds and 



donated the equipment to the university to complete project goals/ • 
With a working microcomputer system now available, he began to write 
the application programs whose development had been^put off for so . 

\ Because of this dislays in purchasing and repairing equipment, 
however, the project director J^d little time left in which to develop 
these programs. .Although he wrote the six application programs which, 
he had proposed, he was able to develop only one program for an 
-expierriment in Fis course on introductory circuits. The experiment 
involved measurement of transistor .parameters, use of .these parameters 
to calculate the transfer characteristic of an inverter.,;/^^ " 
comparison of calculated and measured characteristics. This 
experiment was .a part of the project director's laboratory course 
before the microcomputer application program became available, but at 
that time students had only the university's Computer available as a 
computational tool for the experiment. Today students use both the 
university's time-sharing tejpainal system and the microcomputer that / 
the project director prograimbed for this experiment. All students in 
Introductory Electtical: Engineering, perhaps 300 a year,, comple^^ 
experiment over a three-week period. 

In the years since this LOCI project began, the project director 
has demonstrated microcomputers to groups of professional engineers, 
members of the computing community , and 'to fa:culty members' at a . 
microcomputer .workshop within the college of engineering. According 
to the associate dean of the college, the project ^ 

influenced other faculty members to experiment with computers, and~li3e 
of microcomputers has increased at the college. Oneof the ptoject 
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.director's colleagues 'in .the'^department of electrical ajid compUttr ' -' 
engineering, for example, currently uses a microeomputet in'-teacihing v 
both introductory and upper-iiyision courses; jn response to the 
interest^ of engineiering faculty, a.- coriefee-wide seminar was^^Conducted 

- last spring oh the use oi microcomputer^^* Overall attendance at the 
seminar was high aad response among the faculty enthusiastic. . ' . 
Recently a microcomputer laboratory was also established/ within the 

. ixldustirial and pperatidns' engineering department of the engineering' 
school. . . * ■ ■ '..^ / ■• . ' . • • ■■ '''-^ 

It is difficult; td attribute the- growth of enthusiasmffor 
microcomput€li:;s .solely to the LOCI pro ject . The asspciate 'dean of the ' 
VCbllege, hov?ever, identifies the project' director as ^ "opinion 
leader" whp has led the way for faculty in thecollege to purchase and 
utilize microcomputing systems. The administrati^ of the college is 
/currently considering the issue p£ overall use of microcomputers in 
undergraduate engineering instruction^ The '.associate dean attributes 
.'this examination, in part, to the project ciirectot's leadership in the 
use of microcomputing systems . 

The project director, howeverr/ does not plan- to develop further 
his use of microcomputer systems in teaching. .His personal research 
interests are now in other areas, and no funding , is available from his. 
college for development of new programs pr for purchase 
maintenance of computing; equipment.* He and his colleagues, however,. * 
plan to continue to use their existing simulations and equijsjent in 
electrical engineering courses. < * ' 

. ■ ' • . • ■' ' : '■ " • » ■ . " . '■ , _ ■' 

■ ■ '. ■ : . • . ■ ' • ■ 

f I . ■ . , . , ■ - - 
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Reaetion to NSF iPiTograma 

Oyerall, the project director thought that the 'LOCI program ihet 
his teaching needs. . Program guidelines were cle.ar and understandable. 
Time allotted to complete, project" activities was reasonable. The 
project director was grateful for the time [extension he received to 
complete his project. The project, director thifiks, however, that LOCI 
restrictions on amount' of awards may no longer be" realistic • Grants 
-M_l25^O_0__ar:e^^ 
today.-. The i^roject .director woui;d be unable to pursue his current ' 
interest In research and development with the smci^unt of money, 
available from *pCI. Larger graitts are essential, he believes,, to 
assist faculty in staying^ on the leaditig- edge of Innovation within 
their fields. * ^ , ; -f ^ 



' _ Programmable Calculatots la's Teaching Aids 
The second coDipu ting project took place at a community col lelfee^^^^^^ 
that serves a midwestern city of about 26,00. The college was ' 
established in 1927 as a junior 'college under the juristiction of the 
city schools, but in 1966 it became part of a' ten-county 'community/; ^ 
college district., f The main campus of the cpllege is located on two 
hundred acyes of roiling farmland. Neiarly all arts and sciences . 
programs and many '6^ the vocational and techriical progr^^ms' of the 
college are housed in a modern ^ air c'on^^^ 
constructed during the past ten years . 

. The objectives of the college include providing sound, ' 
economical, and^ conyeni^^^ education at the college , level far high 
schopi graduate*^,; and providing career and adult ediication to 
•comple^^^^ parallel or transfer progfamfi. The college offers 
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credit courses both oh- and off-campus. 'Its programs are/ in areas . 
such as secretarial science, practical' nursing, medical off ice 
assistance, dental assistance, engineering, graphics, environmental 
chemistry, and, others. , 

4pP^o^i™^^ely 1000 students are enrolled at the college", AJ^out ^ 
two-thirds of, these students attend the college full-time and about 
6ne-thii'^^?=iaqre part-time students . About one out . of ^very four . 
graduates of area hi g h schools attend the colle ge r and one of every 



two graduates of the public school district enroll. Nearly twcJ.^thirds 
of the students attending the college commute from their homes, and 
the remaining one-third live in rooms and .'aparftmen'ts near the campus. 

Also enrolled at the college are a number of out-of-state^ a^nd foreign 

" . •• • -^^ 

students. . .1 - 

Like most public community colleges,, the ipstitutiou opera;tes oti; 
an open-door policy. A student who is a hjLgh school graduate or'^t^eV 
equivalent is eligible to apply for admission. About half of the 
students at the .college plan to transfer to four-year institutions; ^ 
; other Vstjudents are enrolled in self-cbdta^^^ 20 
montha/in duration.. Tuition for full-time 'stu who are. st^te 

residents is $200 per semester; tuition for jnon-residents is $300 per 
semester. Typical student expenses for a full academic year for a ''^ 
non-coinmuting student wo.ufd be approkimately $2000 and it would be 
approximately $1000 far a. conimuting student.; . ^ ^ ' 

The faculty at the college consists of more than 50 members. 
' VMpst ' of tKe^^ hold the mastery's degree. Institutional 

resources to support .teaching innovations of,, thejse faculty members- 
not extensive. The college doed . not hav^ 'a specia^^^^^ ■ 



instructi.onal--4evelopment center. Nor does it provide mini-grants to 
support innovation in teaching-." ■ Released Itiirie* is not ordinarily 
: available for work -on teaching- improvenient. projects, but half-days are 
occasionally available for faculty devel6pment activities, with total 
rel(9ased time amounting to no more than three or four days a year. 
Background of the Proiect 

The LOCI project was carried, out in the 'three-person engineering 

— and-ma thema1rrcs-di™-ron-:o^ 
unusual stability in facult^^? composition 'over the years.. Each of its- 
three faculty members has been at the school for about fifteen years. 
These facility members provide courses both for students in transfer 
programs', and^ for student 4^enro lied in self-contained mechanical and 
electronic technology programs. Students in the college parallel 

■:;,c'our'ses^;usually take pre-calculus, calculus, engineering graphics, and 
engineering problems. Student* in mechanical and. electronic 
technology take a three-semester sequence called .Applied Mathematics 

.# In the" early s^ve^^^^ . . 

the college tfl help develop ■ a \policy on computers . , The committee 
members explored three options.). First, they slTudied the possibility 
of purchase of a^ computer to provide services Ifor instruction at the 
college. Second, the is^mmittee tpnsidered thV option of purchasing 
terminals for telephone ^cpess :to\ a distant cpmputer.i Final 
<rOi™it5^:e:^lo.ok^ into the feasibiiity of investing in "programmable: 
calculators as an alternative to computers. The third option was the • 



■ . . ■ ; . ■ . ' ^ ■•■ ■ ■■■■■■ > 

: "^°™>e°<l6<i for the college by the committee. 



Soon thereafter the division of mathematics and engineering made 
its first major investm^t in calculators. The. model - 

selected was marketed by. Wang Electronics, was about typewriter-size, 
and had a neon display for outpjat. After some ; experience with this 
initial machine, ^^lie^^di>^^ another calculator made by - 

Wang, this one equipped with a column printet and a cassette tape. 
The two machines proved_yaluable in teaching and demonstrating 
_cottcepts^iii_courses--rang^ing-_f or_general-ma thematics-to— calxial s.- In 



1975 the NSF'9 Instructional and Scientific; ^uipment Program (ISEP) 
provided $3500 for purchase of a plotter that v^ould be compatible with 
the programma\)le calculator. The ^plotter helped stirdents interpret 
^calculator input and introduced engineering graphic students to . ' 
automated drafting. 

; ^ At the beginning of .1976, therefore, the division had about $^000 
worth of equipment for calculation. The faculty member. who was to 
become director of the LOCI project fi^lt that, problems exist.ed that 
kept this equipment from beinjg used widely in the dep^artment. First, 
the equipment was hot easily moved. It did not receiye optimal usage 
sipply ;^because,.of its lack. of portability. Second, even if the 
equipment could be used easily, setup was not simple', ;And third, 
students could not see and read output, easily in. large classes. * 

This faculty member thought that the division was approaching the 
problem in the wrong way in moving the machine to students . .He \^ 
thought that it would make more sense to njove students to the machine. 
Instead of using the machine in "group instruction, he wanted to 
explore use of the machine in individualized teaching. ' To provide for 
individualized use of the equipment, handouts and: guides would be ' 



necessary. The request to the NSF^s LOCI program was for fuqds, for ' 
development of these guides. • 
^ The formal LOCI ^proposal was developed jointly by the three 

members of the division of mathematics and' engineering. They asked; 
for approximately $8000 from NSP..; The inkitution's contribution to 
the project was to be approximately $'4000- bringing 'the total costs oi 
the project: to. $12,000.. The money was to be' used to cover faculty 
salaries for the three project staf.f membets for a six-week period 
during the summer of 1977. 
, Project Goals and Activities V ' ' 

The proposed project had goals in two major, areas: faculty 
development and instructional development. The project was to 
v. contribute to the capacity of theidepartment members to teach using 
modern technology in computing and 'cilculating, and it was also to 
result in materials for use in specific courses in the mathematics and 
engineering curriculum. The if ormal proposal gave the greatest 
emphasis to the goals in instructional development. • 

In discussing the project today, the project director emphasizes' 
..its contribution to faculty development. TKe three faculty members , 
^. who participated in the project had each rei^eived their training in 
mathematics and' engineering in the fifties or early sixties. At that 
time, computing' was just past the stage where programs were hardwire^i. 
Each of the three faculty members had some contact with computing 
since then — in summer jobs or in ayocational pursuits . , But; each/ as 

needed to devote more time to learning about 
calculating and computing machines and about instructing students in 
^ the Ufiie of such mac^iines • * 



: One of the faculty member's especially needed to %ing himselfcup 
to date onVprogrammable e-quipiaent. His rolW. during the putmner months 
was simply to learn about the equipment, to 'try programs, and to f ind' . 
out whait could be done with s^ch programs • • ,the other' faculty members 
were building on stronger foundations in coiiiputing, and they we^e ab^e 
to move faster and farther in -le insttiict students in 

mathematics and engineering 'using computers. \^ - ' 

The other major goal io|:-vthe project was construttion bt"^ 
instructional materials/. The 'tw^^^ faculty meinibers with the strongest 
. background, in calculating an^ computing reviewed Existing literatiit^, 
broke tasks into component parts, and wrote instructional materials 
and programs. One of tpe faculty members wrpte a manual that made the 
Wang more accessible to 



students. The other faculty membe^-jwrote 
programs for storage on cassettes, and also wrote study guides ^ 
do^!|xmenting these programs and making them useful for students. 

The project's .members anticipated three 'sorts of uses' of these , 
materials: (a) in demonstrations, in regular clasises; in. mathematics 
'and engineering; (b) in individual projects undertaken by students; 
•(d) in laboratory assignments ta^ in courses They planned -to start 
using the materials to in the 1977-78 academic%^ar , and to continue^, 
using them, in the years following.. The project director anticipated 
that over. loop students would be affected by* the project during a five 
year period. ; 

. In the tfwo years since the project ended, materials were used in . 
.different ways at the college. The impact of the materials, however, 
has been less than expe^i^ted. First ^ clas,sropm demonstrations using 
the programmable calcurator arid the piofetets, begun at the college 
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before LOCI funding was Available, haya; continued ' in the years since, ~ 

, especially in calculus -classes . Better use of the plotter in 

classroota dembns.trations was not a major goal of the LOCI pep ject/btit 

^.he project did enable faculty members to learn more about the 

equipment and so they are now in a position to use it more easily arid 

confidently in demonstrations. Written materials generated by -the - 

• • i-' ' ^ V ■ ■ ' ' ■ \ ' ; 

project also help make classroom demonstration easier to do. 

' . The'-'^^second use of .sthe project materials today , is. in independent 
Vork by students . ^Occasionally; students, .wto see thfe plotter used in;. . 
cla^r-Q^mdemonstrations become interesteii in further work on the 
progranmable/^cuiator. The library of pterials created during the 
LOCI project makes it possiBte-^or^ such students to pursue, independent 
projects on their /im. One^student"in^>-calcuX^^ class, for example, : 
became interested in programming, the plotter ^o^draw^-^^iyperboii^ 
g^;. paraboloid; After independent :WQrk with the calcula.tor and^Jl^tfer,-'^^'. 
: he was able- -to. achieve his goal . vi:^I»e student now is planning to major 
. in cdniputer acienc^v, The locatiottrcKf the programmable jc^tulators and: 
',pl^ mrfkeQ student; 

. access to the equipment simple. .^V 

The third area of expected impact was on courses'at the college. 
The impact in this area was. expected to. be especially great. The • ; 
courses expected to be'^affected were Engineering Problems and 

Graphics—two courses for pre-engineers-^d Applied^ ^ ^ ' : 
.-Mathematics I, 11, and III (a sequence of coursies" for technology i'-,; 

students). .The type of revision was":;to'v^. fu of the co'urse. In 

. Applied Mathematics I, for example, .tii^ p^^^ to . generate a 

setiea-of practical problems from var^jous fp^ds that would Ixe 

o ' ■ ■■ •' - '^.-^ ' '53. ^-^ • ' 
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difficult or time consuming to. solve without . recourse to programmable 
• •;e<iuipment.;' - c--;- 

It turned out thktfeybnly one course hks been substantially revised 
because of project activities. The revised; cburs^ie:^^^^^^^ 
Mathematics I. Before the project, this course was offered in a . 
lecture format. During the LOC|l project, the teaclier 'of this' course 
became, convinced that students needed more guided laboratory work in 
programming. He therefore revised the format; of Appli.e)ci Mathematics 
I, and starting in September 1979, /he has offered this course in a 
lecture-laboratory .format . , f. 

The laboratory section of Applied Mathematics I does not use the 
Wang calculator or the plotter , .however . The course' instead u^es; 
small portable^ programmable -catculato^rs available on loan at. tii^ 
learning resources centrier. It is not hard to understand why the Wang 
machines are nbt used in this' course! Calculating equipment increased 
, in ''power and decreased cost; since this LOCI pro ject began* . The 
original Wang machinery used in the pro ject today isits in :a 
in the. learning jesburcescesnter^ By. today's, standards v. it seems - 
bulky, cumbersome, and slow, .and it iS; .iibt surprising tliat . it is 
little used today. The library does a brisk business, however, in . 
lending out "smaji^p^brtable calculator^ in Applied 

Mathematics, ^ • ' 

Nor does it seem likely tha^thie Wang calculators, prifttiLna^v.^^^ 
device, and plotter will recieve greater use in courses at the college; 



future, Xhe swift and steady development . of micmcot^uters 
seems to have sealed the fate 6f these bulky machines . * The colTege^ 
recently bought four PET mi,crocQmputers j and fac\^lty members see these 
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machines as having Wny ' advantages,! They are ifrogranmed in^^ 
programniing language that is used in. many other installations/ The. 
. PlEt microcomputeris-a^^ inexpensive, and they are More 

easily moved than the talculator and plotter/ These microcomputers 
are also fl€|xible> and useful in a wider variety of settings than the 
prbgrairanabXe calculators . . S ' 

Evaluation:: of the Pro lect ' 

The proposal for the LOGI project contained a description of a • 
plan for evaluating results. The division intended to evaluate 
changes in: student understanding; efficiency* in learning; arid 
atfeitudes toward program-oriented approaches to problems. Faculty 
members were also to write evaluations of the instructional materials ' 
;^fter they were first used. The critiques were to be used primarily 
;|br reyision of instructional material. . 

The evaluation that took place was far less formal than. the 
proposed evaluation. : Instructi^^^ material developed during the 
sutnmer months was critiqued and revised on the basis of coimiients made, 
by the project team. A^'' students woriced"^^ through' inate^^^^^^ 
Other opportunities to incorporate feedback from ui^ ijito the redesign ' 
of course material.* But no formal evaluation was .carried out- on the.,. 
-:impact of the project on courses. The project director felt that 
formal comiparisbns, involving control groups would riot be very 
meanirigful because intorduction of programming into courses changed 
the content of these, courses as well as the teaching methodology. 
Informal evaluation for the sake of revision of material was all' that 
seemed feasible. ' • . v , 
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_ —Impxeasions-about project-out comes-were-al-^^^ 

The project director and his cplleagues had the same overall 
impressions,; They agreed that a good deal was accomplished on the 
projiBct in terms of *facul^^ development / The project helped faculty 
members with heavy teaching responsibilities to devote a sustained 
period to work pnincorpprating programming into their coujrses. It 
• brought these faculty. members up-to-date in a quickly changing field 
do that they, could reispond coiif identty- to new develbpmehtii, This was 
an especially important, t^sk because of two special characteristics xf 
the community college where the project took place. The. school has a 
stable faculty without 'm^ teaching loads are . .: 

rejjatively ljeavy. . Given these characteristics of the school, ■ -^'i'-' 
sponsored projects such as^^ this one seem important ais a way of keeping 
fa<:ulty up-to-date anti growing. . - ^ ■ ^ . 

J^^^..^ his colleagues also, agreed that!.,the . 

plojqct was less successful .in making maximum use of the calculating; 
equipment, owned by the division at the time the project started. V One 
problem iimy hdve been that expectations about what could be 
accomplished were t,oo high at the start J^of the project.. Faculty . - K 
members ha4 been teaching !in a /certain years, and 

students .^wi^re used to certain ways, of learning. One; piece of . . .^^ 
equipment wa^ a slender base. on which fo build a major revision of 

."• ' ; ■.; ■ , ■■ . ■. ■ •'■ " 

'" 'V- . ■ ' '" ." " . •■*,■'■<•. ■ . ■ ■■ _ _ J ■ ■ : 

teaching, methodology involving" hund of students a year . 
Technological developments that occiirred while th6 project was < 
underwfiiyalgb affected the size of the project's effects. In the 
years since the project was funded, programmable calculators became 
available at lower and lower cost, and microcomputers appeared on the 
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could play. 



their department. The 
their institution, 
administer. * The 




marketr-less expensive and more powerful than aryone could have 
anticipated. The microcomputer immediately established itself as the 
calculating, tool of the future at the college, and it circumscribed 
sharply the role that other calculating devices 
- Reactions to NSF Programs . 

The project director and his colleagues thought that the LOCI 
program was an appropriate one for the needs of 
; program did not r paperwork frbiti 

arfdrthe grant was, therefore relatively simple tp 
, ptogram wduld^be improved, however, if project directors were notified 
.more promptly of decisions about awards. With late notification, 
sumiper sc;bedul(?s are almost^^^^ to be disrupted by receipt of 

^i-tiwards , . / ' - ' . 

, Summary and Conclusions 

:• N v'^^^y^o projects onicomputing'^ids differed 
'first was the work of an individual faculty member; the second was 
carricd'out by an entire; department. The' first l:ook place at. a large 
' research university, the second at a small commutiity college.. The 
first project was long in duration, the second short. . The first 
■ involved- mic^^^^ the second programmable calculators. But in' 

■other\ways fclie projects were similar. Both projects had less impact 
on teaching th^n was ..or igin4lly, anticipated. The equipment for both 
projects quickly became outdated. ' The most important contribution of 
;each of the. projectsUmay^.h^^^ been to faculty development. 

Two factors that sometimes play a role in -determining outcomes of - 



in many ways. The. 



^dmputer-orxented' pro j ects are :. 
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a) Documentation: Computer technology advanced more rapidly than 

. ■, ■ ■ . : ■■ ' .■ ■' . ■ " 

computer documentation* Faculty members wotking with 

• - . . • ' ..*-■»•.■ " ■ ■ . ■ ■ 

innovative computer tiechnologies often fini^ that new equipment. 
IS not described well enough in manuals, supplied by 
manufacturers, Fa^cul^y members can waste.! valuable project ! 
time simply trying to ream about new equipment, . 

b) Obsolescence: Instructional programs written for the latest 
computers may; be obsolete after a few years. Instructional 

. programs that are not oriented toward a specific piece of . 
equipment may have a better chance of survival. 



Chapter -4 . • ] 
"" inquiry Laboratories .* . 

Many of the LOCI projects funded ^^^i^ recent y^ars were designed "to 
revitalized science laboratories. The directors of: these projects . 
thought that existing science laboratories were too regimented. ' 
Rather than promoting inquiry , conventional laboratories jse^^^ V 
stifle it. The laboratories that; the ^rojecic directors proposed ^to 
. develop tp replace conventional ories were TnOre; open-ended, 'The' * 
project directors wanted to give students, simple late^ 
and have the students work out solutions ,by -themselves without using 
step-by-step directions. . ' v - ■ . . \ 

The two projects described in this chapter regi^ 
'^^^^^^ ^^^^^^^^^^^ P^y^icf . The f ixsft :pr6ject -jfedesi^^ 
teaching materials in an e^xis^t^ t^e 
effectiveness of the revi8et;triaf4i^^^^ ^The. second project, 
originally designed as a research investigation on i^ 
used; in solving physics problems , Ifed eventually to";, construtfeion of 
inquiry-oriented labora):ory materials* for a '•pre-physics" cours% . 

f Inquirv-Ro le Approach in Laboratory Teaching 
/|hfe^-8ite for tJie_fArsJL_af_tke-JLnquiry-oriented ipro j ect s was a- ~ 

^. -^^f ■ - ' ■ ■ .- ^ ■ . ■ 

comprehensive state, college in the Midwefft;^ Founded in 1905 as a • 

, . ■ ■■■■ " ■;■ , ■ ■ '^/KA^:/.-:^ ' ? ■ " 

normal school, the college still playls an importarit role in txaininr 

■ .. . • ■ ■ ^ ■ . " , ■ ■ : . ... ^ - ■ ■ 

teachers for the state, but today it also offers complete programs in 
the liberal arts, at the bachel'br^a and master's levels , Located on a 
:235-acr6 'caiapu8, th^ in a town with a- pop^Ulation 



. of about 20 ,000.. The campus contains 32 buildings , including tien ; . V 

. residence halls and apartments for 'students . " 

'■ '• . . ■ . ' ■ ^ ** ' • . . ' ■ • , * 

The undergraduate student body ^umbers about 4,600. About 500 
additional istudents are enrQlled in mas.tfer'^s degree programs . 
Approximately : 98% of . the students' attending the college are state 
residents. Estimated annual costs for students are $1600 for in-state 

. : • - •. .... . • ■' . ■ 

.students others. • Recent lyv the co^ 

applibations , accepted 92% pf themV dhd enrolled 196 freshmen; '\ ^ 
Average total SAT score was approximately 900 for these freshmen. 
Approximately; 40% of the studenta entering the school , drop .out by the 
end of their -first year, with 33% remaining for graduation. 

Faculty members at the schabl ; t^^^^ four classea per 

term. About half of the faculty members /hold doctorates , and their 
* . salariles ^are somewhat below the national average. - Faculty members 
that we talked to on our visit stressed .that ts;hiB>;|!chool. is primarily a 
teaching institution. Although research and development activities » 
. may help. a. faculty member win promotion in some cases, such activities 
' are not an absolute requirement for. promotion. No faculty or / 
..instructional development program promotes the idea of teaching 
innovation on- campus , and released t^e, sununer . salary , and teaching 
grants are not available to faculty *^embers working on iristructional . 



iiriprovem,ent projects. No research^development -of f ice smooths the way 
for faculty Seeking: support for. proposals from foundations- and;^^ ^ 
agencies. Faculty members, therefore, sometimes feel that development 
;af proposals is an add-on activity at the institution. 
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Background '-^ - ... 

- .In i976 when^^tlie .iiOCI f^roject began, the project direc£br and co- 
director were'^assbciate -prof essots in the departmejit of physics and : . 
physical sciences w This department occupies. the first^ floor of the ^ • 
college^ modern science building. .In additi^^ \ ' 

laboratories *and ^claafsrpbms,^ '» 
<>bseryate)ry, meteorology^ st a. tii^^^^ darkroom for photo^ and : 

a well-equipped "shopV available to students wprkinig^-^^o^^^ ! * • 

projects. The seve^■ member^ o?.;;the d^paHmeii and physic^l/'"^^ 

sciences have act ivelj^ 'sought funds/to support /deveiopkent. project^' in^^" 
educataoa..- . • ';v.v.- i- . • 



, The project co-dii|ect^^ arrived >t the (loLJ^^ 
sixties:. Both had* been high school tWachera lii^ the llidwest before^ ■'■ 



receiving their doctorates- in:; science edu6^^^^ The project director 

came td t±e: college^.af t completing hi s'^"^^^^^ in 1966 , ^ncl the 

prpject -co-directorjitf^ to the *instifcut;ion af^^^ his ' * 

doctoral work, in 197p. ^ ; ; 

: Th(sse two fjaculty members sboh learned that they had Similar/ 
ideas about 'science educations Each thought that . science education 
could be»^improved ii- science teachers wou^^^^^ on * 

transmi ttin g Inf orma tion in thk; classroom' a nd m ore emphasis on student 
inquiry . In lecture . classes , students did not act like scientists A 
the' two faculty members' noted. With less ye^^hasis qnileQtiir^es..^^ 
traditional textbooks, tjtiey thought, students\might inquire more.M 
freely_J^o' scientific problems. . They belieV6d that . s^^^^ should ^ 
be f ree- to-produce th6 data^ conceptsi and principles for" science" 

courses.- ■ • ' -'r^H ' ' . • '. "'■ / 

■■■■■■■■ • '"^^ . . ' ' • ■ • . ■ ■ • ' 



ftK^'-One forni .of ^-^ 
.interesting ta approach : • .• 

(IRA)^ origihiail^^^developed of -hiplogy under the.^ i 

direction oF Richard; Bxnj^ IRA^/was a learning methodQ.lqgy V^^ 
to develop inquiry skills by stimulating -greater classro6m.sH>' 
participa4:ion; In inquiry-role teaching, students were assigned rO.les 

- in fourriD^i^^ teams that worked on structured laboratory . 
investigations^ openrended laboratpry^^^^ and applications 

/of. resuits of laboratory /inv^st;^^ * . v 



• : ; While still comp^;eting his dissertation work^ the project 

dir6,ctpr;^travieledl tb the Mid-Conf inent Regional Laboratory; ' in Kansas . 
: City, Missouri^ to learn more about this new developme^^ 
oriented teaching.- The project director brought back 
' to ^his own department atid eventually -di^c 
>• ,;;c6-airecto'r. They realised thaf^ Bingman's approach and • 

' ; ■•; ; '■■'■'■^v■ --'^V A 

validating it iu: their physical science; courses would require ^ple:ciii$;'i^^^^^ 

■■;,.' " 'O '-^ . ;^'^'^-' ;■;;■ • ' r-'^f:}^^'' 

\ respuirces . They decided therefore to apply/ to NSF f or ffu^^^^ 

them: accomplish the task. /y • ^ 

Their;;LOCI prpposal. requested approximately $14,000 iti funds from 
NSF." 1^^^^^ was to be approximately $12,000. The 

V. NSF funds were to cover summer salaries for the project dirj^^ and . 



salaries for a secretary and a student assistant. .Institutional funds? 
f Would cpyer academic year salaries of project difectors .; The project 



was scheduled to. begin in June 1976 and to be completed in 12 months. 
Project Goals and Activities • 

:.:i;,.The t^p major gpals^ for the^^^ ?)^^9 create materials 

for ihquiry--rale activities ^"and b) . to validate these materj.als. 



: . The project •;yas to proceed in two' majoXj-phastes^ V During: the , summer of 
. project directors were to develop Che materials . j During the 

,. : abademic year, that ^llowed, they were to u:se\the materials ! in t^ieir 

course in physical sciences for general . education students and for 
. ^;.,elementary education majors. In^ this ! second phase . of tlie pro j^.Qt 
/ they Were also to evaluate* formlly the^ef f ectiv^eness of the 
materials • 

' ■ ^' 'I^He^^^ direct6rs'#ere;i^ble t^O follow thkir^ original schedul^" 

;;::^:^|y^::>P5PJ®^^ i)uring|!ihe su^^ designed f 

/i^vii^ on several, topics in physic^ science^ r '^'heat . ' 

- ^iad^ tejipera^^ sciencesV f 

; 9^^- Written to^ic^. to but. ^sual-ly |i 

(Contained the fbllowing: / ' ^ ^7- . ^^ Jk; 
\^ a) Dir^ctiiiitis. f structured laboratory invlstilga^^ 

invesJtxgatibns wet'e to bei carried out by f out-person teams. 
; • b). Disi^ussion questions^ in teja^ 

^ . confiensus" about tft^ejl)^^ -tiuestibns relating ^^^^^^t the 

f investigation. 
. - . c) General problems for- open~?^ded laboratory^ inVj^istigat ion—The 




t^amsf designed their o^Tj/^i^ ' 
.thatLjfere.^pased_.w^ - 
d) Inv: 3 to inqiiiryf^T^ gave" students ' sojje experimentjal^^ ' 

resui. -iOd invited the students to interpret, kpply, ' ^i- * 
analyze, and syntihesize- data. ; / ; ; 1 ^ 

Duririg the academic year, students began to use' theste materialsV^^^^^^ 



.p^tilasses: in'^introductoryy phyijical spienceU The ! students worked 
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four-person teams and used simple laboratory materials . Qnk student 



acted as team leader , directing all team activities including , 
discussions; another student, acting a-s technical advisor, was / 
responsible for obtaining and setting up equipment a third student 
t'hefdata.xecdrder, qrgianized data; /and a fourth, the team eValuator,j . 
''evaluated the efforts of members of the teaffl^i While students worked, 
the teacher move^ f ronl team -to team providing neces'$6xy assi'stance. 
The t.eiacher often helped clarify issues, but did not, p^rovide artswers . 
Typically,; teams yorked^ on a topic for . twp/or three days before : . 
turning in both group and individual laboratory- reports • Follp^^ 
teamwork, the teacHer. conducted a large class discussion. in which 
groups shared differences of opinion on cohceptsi roles, and teamwprki 

When the LOCI project ended, the project cp-directors revised 
their course^procedures somewhat • The revisions were designed to 
improve the . teaching ;in . their courses • First , they reduced the number 
of individuals in the .teams from foui: to three by eliminating t^he - V- 
position pf team evaluator. Second, they greatly simplified role 
directions — ^^from a manual df detailed, descriptions .of 
in each exercisQ to a- pa^e-long- description ^of gen^ 

responsibilities. And finally, they .gradually refined the laboratory 
^^xercises tp increase their clarity and effectiveness.' 
'Evaluation of the Course 



The prpjLect directors also carried out the vevaiuation of their ^ 
project during this academic year. Before receiying the LOCI awarji^^ 
they had not been able to carry out a formal evaluation of their work 
ii^; inquiry learning. rThe LOCI^ pro ject therefore gave an important iiew 
focus to their inA,^estigations . Their^yaluation compared gains in 
critical thinking,, formal thinking;, and knowledge of scientific 
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process of \^8tudent8 taught with and without the inquiry-role appfdaciT 
to teabhing. To measure criticaL thinking, the pro ject directors used 
the W^isoti-Glaser Critical Thinking AppraiS^al. To measure' knowledge 
of s<:ientif ic processes^ they employed the Proceiss of Science Test . 
~ To measure changes in formal thinking, they used the, Burney Formal 
Reasoning Test* . . 

Their evaluation showed that inquiry^-role teaching contributed 
significantly to student 51 ':^:forma^ to their 

capacity for /critical thinking, and to etudepts' knowledge of . 
scientific processes. In 4a'ch of thiese areas , the gains of students ^ 
taught by the inquiry-role approach -were^ greater than gaiTx^^^f 
st;udents taught in lecture-dis'cussidn/claasesv eacii pf;^t}:^^^^f■;'''^ 
m6asur.es inquiry-role "teaching raised tWt scofe^'by bet^eW 
. .. quart e.r;*;|ind one-^^ deyxaition, • ' ^ ^ ' ^ -v^' V^^;^^ 

V Thisre w^re probably oth^ on students beyond xi: 

•y.tfhas^ >iffeasute^^ pi^ject, directors. Almost everyone we talked td-' ' 

cbllege/mefntioneid^^ti^ effect^: ^hat^^inquiry • 

teajcKin^ has on student a^^ toward^^^piirs^^;:^^' ^T 

K dep^rtihe^t. chai^ inquiry-role sections are always 

the first sections of ^troductory :P^^^ to fill'up. As ./" 

V d^partmen^ only positive things about 

v^p}^^^ An educational psycho lo^^ talked - 

to aliso reported that students who have taken the inquiryri^ole courses 
commented favorably on them-^in their educational methods classes- A 
.chemistry teacher who also teaches classes in Introductory Physical 
Science V pointed out. that student .attendance -is always very good and ' 
that students .seldom are absent from inquiryrrole classes.' The 



project (directors pointed out that student evaluatious (collected at 
the end'of th.eir classes are almost always : favorable ;*>^^^^^ 
students, that we observed in Introductory Physical Science classes 
taught by the inquiry-role approach were' attentive and involved ^^^i^^ 
laJ)oratory^-a(ctiyitieSr''" 

In general, costs of teaching Introductory Physical Sciences. , by 
: the inquiry-role approach seemed^^comparable to costs^of lecture 
classes. With 35 to 40 students in a section, laboratory siise is 
fairlyv^a;j:ge,' and^ each section^i$ handlWby a' single teacher without^ 
a separate lab assistant. Two things malte it possible to teach 
laboratory sections of this size without special help. First, 
carefully constructed materials free the teacher from haying to 
provide detailed explansttidns . Second , evaluation of the work of 
-..vteatDt^i^^ rediaces tHe iamount 6f time - 

% aecessaty fbX' gfadift^^^ factor contributing to the low' cost of 

r-. these j laboratory sect i^^ is the simple, inexpeasive equipment that 
..;the laboratories require. - J- i ^ ^« 

Other Pro lect 'Ef f ects ' ■ ' - 

• The projeqt directors, also ppirttedT witli'.pride to p 
effects of tKeir work. In their ;viewV^ and their 

.^';i:elated. projects, some of which weire;'suppart*ed by N^SF, also y ^ 

: --in^ teaching in other classes in the physics department; 

* Cb^ teaching in other courses in the coVlege; anA: (c) teaching in the 
^ fcoimunity outside ^ ' : 

' It is easy to find other effe(cts of this, project in the physics 
. department'. First, other teacHeris in the department, are now using 
some, of the inquiry-role materials in .Introductory Physical Science . . 
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classes. Second, in .addition to using this approach'lin. their ; 
Introductory classed, the project directbirs* have adapted inquiry^rpl^ 
Ceaching to their other courses at; the coilege,^ iii ' 

general physics also use some of -the inquiry-role activities. The 
/vlvchairperson of the department, for example, introduces/ 1^^ 
. measuremeat with some of the inquiry-role laboratory exercises/ 
Because the exercises can be carried .out with very simple equipment, 
^^M^.f a.c,tivitieS tend to be attractive to other teachers in the ' ^ 

departmient .'.'^^ v'. 

. , . ■ ' ' . .* • .. . 

' The inquiry-role approach is also used in some form in a^umber 

of Other departments at the college. One chemistry teacher, who first 

. lea;^hed.vt;6ttise inqu teaching in Introductory Physical Science, 

■ \ ' ■■ v .' ■' ■>;■ ■■ ' ■ ■ '■ / ■ ■ ■ . ^ ■• ■ ■ ■■ . 

V. introduced the method into, chemistry department coursies. rTh^; \ ' 
chemistry d^partmeri^^ now .uses, the . inquiry-role approach in itV .cla$se^ 
for students without a strphg background in c * An educatioriar 

psycho'jQgist with, a long-^^^^ interest in inquiry teaching adapted 

<. the role approach to his /psm inquiry-prieiite classes . A sociologist ' 

■ ^wljo has col^^ the project directors in work on :^research 

some of their ideas in teaching sociology. 

teaching at the ' 

elementary andj:^^econdary levels in. the state. The project . directdxs 
used the inquiry-rple approach in tea^4iing .e4:6^ 

school science' teaclyers in projects supporte4J^^^ the National ScJ*4nce 
Foundation. They repo^ea that thiis -teaching^'method was very; popular 
with scKool teachers taking workshops. andJ^^irses in "these prograiiis* 
Some.of . the t,«'achers adapted ^he apjjiroach for use in tbqit elementary 
arid secondary school classroomfii*. The/approach has been used with some 



. succes^. at grades as low as the seiond grade.; In addition, tha ' 
^.'project directors may 'have. influenced teachers at other institutions 
of higher education. They presented their results.at one national and 
two regilorical meetings, of the; National ScienpjS TiiS:chers Association. 
They received inquiries after qach presenta^tion, and also received^ '.• 
y inquir4:e3 af ter the' project was named. In a listing of work sponsored 

- Rieadtibris /to' NS^^ ^ v^- ' •'•■^ ■^^''i . -■^^ . 

The pro jerct'^,^;d^ pleased , with NSf) and they " 

had v^y few .s^tiggestions for improving its programs • They felt that . ; 
. .liOCI guidelines weire. cl^ar>' and coiiune'n.t;s from program; managers .wer^^^V 



■^?|pf^l« They wo]u'Id. be receptive -to closer monitoring of NSE projects 
.through site visits, ;but they wondered whether site visit should prove 
cost effective. !^Th^',o.ne {)oiht fc^ felt strongly, about was earljr 

notif icatfibii of awards -trom NSt . 'THeyv re^^ is was very " : 

xilippxtant that project directors be notified a'S tsoon as possible- ifedi^ ^* 

•awards SO tfiat they:could- stick Jtc^, their schedules*' in ,<far^yii^^ 
project work;. 'i- -' . - . ' ■■ ' -V^'"" 

■ ; / Physical Conceptions Used in Problem So-lving . - 

r ;j :^ The second of the projects that produced inquiry inateriaLs fo^ a 
physics, laboratory took place'lat a statie university located in a Ne^-y 
England town of 15^,000 . Established in thq mid-nineteenlth ce^txfry, 
the University has .siiice grown into a mult^i-c^j^^s institution, |.Th^ 
campus on, which the project tdok place.occupies 1100 jacfes and 150 
buirding's, -and . is the original site of the university.' In addition tO; 
this'' campus,^ the university includes a metrppoilitfaii branch ca^ a 
medicjal campus , and a separate campus for its. agricultural school / 
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The Wssion of yni^T^ -to/ptN^ide a higher 

education for residents jd5 t^^^ state, : , 



Total enrollment- 
undergraduates and 3000^^;^4<iiate students, / The ^university gives 
^preference in admission tp^ state reiidents\ and only 5% of the 



Student? arfe?-^^^^^ Estimated annual costs at the school , wire 

' : "^^^li^y $3000 for resident students arid $4000 for nonresidents of the 
state. Recently the university received 12,000 'applications' for 
^admissiond, and admitted 75% of thjese^ studeiits , The average; 
: Scholastic Aptitude Test scores entering f were 475, on the 

verbal section and 525 on the mathematic^-se^tT^ Approximately one- ' 
half of tli^ student s'rin ah entering class remain for four years and 
rede^ive. degrees - . :'.. '}■ 

,. The st\ident-f acuity rat io..^^^ 18 to 1, 

ApproxixQ^tely 80% of the faculty, hold doctorates , and 'salaries ' 
: -the^se • teachers : are at the national average • Until :recently £hi ^^^V 
' university, provided special siip^rt for instru'ctional development 
its faculty members/. An' instructib improvement 
center>supportQd by university funds sponsored workshops for facultv, 
^ ass isjt^d in. course evaluation, and managed a grant •program that 
:prpyid:ed awards of u^^^ to $1000 to individual faculty members and up to 
^iO^ to department s f 4^?.tructi;pn^^ A second 

^iitef ' for improving" university teaching, located* in the school of 

supported by foundation grants, provided consultation on / 
:;^:€feaching to faculty members tMoughout the university. This clinic ^ ' 
. used micro-teaching, vid^o feedback, and systeinatic observations of 
,teiac^ing as a. basis for consultation. Funding losses, however, have • 
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eliminated these fomalra of support for teaching iiii|>rovement 

-'y- ■■■ ^ ;, . ■"■ ■■ •• ; •/ ■ ■ V ■ ■■■ 

at'' the -university-. - " ' .■'vl- ■ ' 

Background of the Prbiect ' ■ 

•Th^^ of the . 

department of. physibs at the time -he submitted his proposal . He^^twas 
to have overall responsibility for the project 'and to serve as a 
membet of tHfe committee. Much' of tlie, organization 



and actual work oi^'^^&ie project, however, was to b#. hajadled by a staff - 
associate in the department, this staff a&s6,ciat!e lat(|^ became ^ 
research rdir^ctor for the project after the '^iginal pwjecit director 
.^became dean of nat^al sciences at the university-. When\he proposal^ 

•■■ ■ T":^---'"^^' ■ ■ '. -u; ■. ■ . ■ : . . ■ . - 

was being j,writ ten, -t^ completing his dissertation 

in; the ui^Versity's gradiaate school 6f educiatioh. His f leldj of 
specialization was instfuctional applications of computers and 
mathemati'csvZeducation. He also had .extensive experience in Piagetian 
interviewing-.; 

Several years before thfr; LOCI project' began, tl^e project • ■ 
director's interest in ediicationieijL research and development was 

Stimulated b:y experiences he had as a member of »a universjLty committee 

' ^M': ■ ■■ " ■• ' ' " . ■ ' ' ■ ' ^ ' '■■ ■ ^' ^ /'''^ . 

charged to deal with freshman writliig. Various members of thiis 

/committee initially had different jassessments of the \seribu'sa^^ of, 

problems- f reihman writing,.. Some felt improvement ofotreshman . 

writing should be given higHe;st.. priority at the school; pther|'' 

disagreed. When teachers of writing brought in samples of actii^l^ 

• ■■ V ■■■■■ ■ ■ 

freshman compositions, however^ 3isagreei][>ents Vanished. Committee 

■ ■ ■ ■ " ■■■ >■ ■ 'J ;■<•!■■•■, 

members agreed that' the quality of the Wit^iSg was very low, and 
courses needed strengthening . The project director came away from the 
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experience convinced that teachers shp^^^^^ look cl(>sely at student * 
performance ^nd ies^i^^ at. their leyelv 

The^prajec$ director was ^t^^ref are 'eag^^ 
an educational psychologist who -had just receiv,ed his de^^ the 
education school described his ideas, for a/^prpblem-solving laboratory 
at the university. ^Through the physics department,, the tw6~f acu^Lt^^;*^ 
members -submitted a proposal.^^for ^ one-year project to the Fund '£<:>,i^^^^^^^ 



the Improyeineht; l)f Postsecondary-Educatipnv^ When 



;the propo.^il wds, 



funded, t^e pro j^^ and his assbciates b<2^^^ tape^^^^^^^^^^ 

: i^t^i?J|^ews withr&^^^ physics. Although the 

^% '^^^^5p7®^^ dicjUtfi^^^^^ student s' conceptual models/ 

^■'^■•■J^:'^m'^^^ M-''^ ..•■•.V • • 

J^^^/^^^i^^^ weil& useful for -^gges ting. . ideas, to the pro ject staff 

faculty members to (the Wk of 4he ^research 



, ::.v>;ifr. , . -^ , V ■ ■ , . - : ■ ■ 

wanteti^to^5 fplL^^ the^work begun in the 



exploration pf 



''1^^ problem- s with a( more systematic 

st^eritf'.: He iEelt that tils' department was in d . 

strong position to undertake this task. His rese;irch team had carried 
out preliminary studies^ in this area, an4, team metiibers 

effort was required to^; -catalcjg conceptualVmod;els . .Also available in 

■ ^ -'v.^,- ■ / : . , , ; : ^ - ' ■* \^ ' ^ 

.-.^ J^he a skille|(i interviewer—the graduate student whP was 

- tompleting his doctoral degtee in, education and w" 

associate and then research' director on'* the. proje : 

. The project . director requested' a/^^^^^^^ 

from NSF.; These funds wd^i?6-^^^ for the staff associate 

and -^lie^ secretary; subject fees for 20 students, tach- of wW were' tp^ 

be inter^ewed for 10 hours;, and costs; of videotapes and audio., 



10 became staff 

':t . ' ■ ■ ■ ■ 



. cassettes.viTfie project was scheduled to start in 'August 1976 and to 
0 be completed in 12 months. . - 

Pro lect Obiect ives ' J - • 

4| The main objective of the project was to produce written . 

di^uments describing models that student's use to conceptualize basic 
* physical ' laws • The jdocuments were to describe the models, in enough 

(detail so that r^aders^^ would be able to understand how students tising 

these models view. the world; » The written documents would include 

. • ■ • . • V . • . ■ " . • • . ■ ■ . \ : 

appropriate trahscfipts, and audiotapes and videotapes 

■ .'i^ . '\ : ■ ■ ; . ■ ■ 

available tS illustrate some of the -models • Finally\ti!i^ii^^"itten ' 

■■,c .,• ^ ••; ' ■ .-..'^^ 

documents were to include suggestions about iris true tipnlE^^^t^^^ 
that could be used to lead a student.- into seeing t tie weakness of a 
\model ot the ne:e4 for anv improved version. ^ j "" V ^ ^ 



The proposed Qbjective.wds* an unusual, .0^^^ 
Thfe project dire'ctor^xplicitly .s that?' hi'^^^^p^^ to b6 a f 

research invest igat iotiV ' 'Although the , pro ject^ was to result :.in y 
documents- that- miight be useful to. teachersV the prbpbs;^^^ 'not' : 



describe these documents as instructional materials and did.:.not ', \ 
contain an explicit plan for using the dopumeut^ to improve' science 
teaching locally . \ - - ' : • • * 

Pro ject "Activities , ; ' 

During fall of. 1976 the pi^i^fct's research director planned to 
conduct .10 one-hour Interviews with :^0'^^^^^ £rom the 
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freshman physics course*. .These studCT^'were to be asked to : solve 
simple physics: ^problems and to investigate simple physical^dqv.4.ces . 
The same procedures were to be repeated during the spring , semester 
with'^ "experts"— 10 junior levil students and 10 graduate student»v: 



Tapes were to ma^e^of .each^i^ an<i> t)ie most interesting V 

sec^ons^ of the .interviews were to be .transcribed. > • . . 
, ' ■ licithe year^fdllowing receipt >f the LOCI award, the research 
. director^^carried out the interviews wi^:;il^l8^ fr the ' ' 

intrpductory physics course, and wrote technical reports, on atudents'v 
concepts in several , areas of physics Newton^s laws, work, eneiigy , ^ 
the distinction between mass and weight, and Wlais tic- force, A typical 
technical report consisted of' a discussion of the jproblem lised in J 
eliciting; student solutions^ a- classification of Students' answers to 
the problem, excerpts\from transcripts, of interest^ a 
discussion, and several complete transcripts 

^ . Th? r.esearcH. dire^ctq variety of 

. misconcep^-i<>]as ^bout coiitepts df^ 



probilipifs used : in intezni^i^swing student^ ■abo^it^'l^ie^ 
"was": : ■ * . 




Which of the following can be thought of as pllc^^^ere^e^ 
is stored? . A battery? A highway? A woutid wat c^M^- c -^0^ 



holding .up a roof? " -Food'? v ■ ' %!^'C^-^:^^ 

Among qtji^ things, the rie^search direfbtor fbuh^ a total '^ll?^^"^^^^ 

the students thought that enertey was, st ored in a pillar holding'^ up. a ' ~ 
roof^ Students explained tha^ ^e pill^atj-^r^s^ compression,"' 
'^exerts force," or "is , under stress." ^pme'M said that 

the pillar exerted an active force-- the pillir was "acting on" the ^ 
roof, the pillar had "energy of motion because, it, was doing work," and 
the .pillar was "doing work holding the roof .Vp." *The re-search 
director concluded that students' did not distinguish between notions 
of force, force. of resistance, elastic force, and energy 'in ^the same 
way that physicists, did. He also 'concluded that some students ''^ . 



•i. 



understood thi role of the pillar ija an anthropbiriorphic vayV'^s^ 

: to the pillar, the^^.^^ properties of "doing work" that t^iey would 

' ' . , • . ' ' . ■ • 

; : '•» ■ ' • ' ••• ' . ' ■ ' ' ' • ' • ' . ■ ■ " ' ■/■ .■ • , , !• ; .*■■■';'•■ 

assign to a man. holding up /a heavy object. The research dir'eptor . 
! recoimnieiia^ place greater etajphas is on;y^^^^ 

V distinction of eiler^ and force-- and .that they make. « ' . 

'sure student s^^s their bwh feelings of do holding up 

a heavy .object from^a^^p ! 

: These^ completed , . 

cbllege. ^^Ky^sics . How did;3dre ptoblem^lsolvers ^pok. at^^^ 

problems? The pxb^e^t diVector 7a Lso conduct ed^^^^ yiJth more : ■ 

sdphisticated learners in 'several of these. areas , But he gave .less ' 

• • ' . ',' ■ ■ ■ ' ' . ' ■ ' ■ . ''9 ' ■ ■ - ' ■ ' , 

empha^^is to thi;s: aspiect of his "projec thati lie htfd original 

expeicted.*. ■ His results jliQwed that intuitive- conceptions of ^physical 

^ V- w^- '^n " . : . '. ' 

cojicepts are .fairly ^*^r For at least .three quarters 

• ■of college f reslimen,j fpr^ example^ misconceptions; about physical force- 

■ ■■ ' > ■ ** • ' * ■ « ' ■ . ■. ■ • . 

' are not chirigecl by a conventional physics cojiir^es. . v *. ' 7 

Other Effects ■^v-..' ,\-.^:- ', ' \ ' . - 

This project wasr one of several links in a xihain of interrelated 



rprqje^ in' the "physics department. Further support 



. - _ , ... .... ... ;or 

• the Work- of this, research group hais icomie f rom the Fund for the^ 
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•Jmp^vement of Postsecondary Education, NSF's Research in Science 
Edu^:^t^^ program of the Hatioti^ Institute of 

Educattipa and NSF dn Research on Cognitive Ptoc^s^ses and the .Str^ucturis 
'of Knowledge in Science and Mathematics, the projects of the research 
, grotjp have contributed to instriict ional theory, to methodology for 
. studyJcbg^TOOgnitive proce^Ves^: and to^-cpurses and course materials. 
^Courses affected by the research group have been in physics, 



^3" .^1 



V mathematdcs, and engineering, ; As one of the first steps in a - 
- ^^.9P|i?ei^ted ;effpr£ developmeriev^^ has 

::5|map.;:i^ the sl^^rbf :|^^^ pi: 

research ■ ^ ". 

. *: The research f indiiigs f ^gi)^^ projecf|-for examplei : ■ 

: strongly ; inf luetic ed the ditecfiibn of a ^ department al ef|0:rt/ suppo^ 
; JP^5^ other funds , to ^develop an introductory "pre-physic^'V . 
^^"^urse f or ix^ ^nginee-tin^.^s^^ phe . 

semestet ;^^^se includi^a a tWo}4iour;; laboratory session each week^ 
^^^^^f5 ^^^^ emphasizing prof iciency: with formulas, the laboratory 
emphasized qualltatiye physics. .In the laboratory, students 
vmaniptilated simpl^ concrete a^d discu/sedr^.^uch<concepts ^ as 

acceleration; mas is, an momentum.. Students worked in 
pairs in the lab i^aeructor cirdula among pairs , 

■spending m,inutes^at , a time with each pair of students 

and returning to eiach pair several times during' the labordtory pe^riod... 
The ins tr^ t\ spend time giving extended explanations of 

the ^correct" : point of view. He provided; answers to questions when 

asked, but more of ten he simply asked pairs what they had" found, 

" ' ^ ■ ' " ,. ^ • ■ '■■ .' ■ . '. " ' ' _ ■ ■• ■ ■ 

suggested a related question, and moved on to another gfoiip without ■ 

■"- ' ' ■ '-.'-M-^ . - , : ■ : . ' ■ .. ;,' . ...... .^.r'/. ' ■ ■ ' : 

waiting. for :the^tuden^^^ qiiest^ion;. 

V T'lie. findings of this LOCI project have b'e^ri-^doci^^^ are 
^feeing widely disseminated. The basi^c. soiurces f or the project f inditigs ' 
are the te^c^^ report's written by the research director... But 
results from the teckhical reports have been presented to a broa^^^^ 
.audience in a varipty of ways. One import ailt -^outlet f o£:..pirb ject ^ 
results was a national conference on cognitive processes held at the 



university and st).onsored 4)y this research group. Papers from the 
conference were collected and ate available as a. book. The research 
group also -recently produced inother book pa. problem .solving, and .has 
produced numerous papers and articles on its work. One important • 
paper on prorje^- f indings Wa^v;presented to" an audience of . 
approximajfe^y 200 at a meeting of the American Association of Physics 
Teachers. Finally, the research team has. presented more than 30 
workshops at various, colleges and universities on its approac^^ to . 

■teaching". . r'-" • 

Evaluation 

The proposal for . this project was basically a research proposal. 
Although the proposer described* pl^a^^ disseminating his findings 

he did not describe plans for implementing project r^ 
Nor did the/project director propose; a formal evaluation Of ' project . 
results. It turned out, howevet^,^^^^^ prbject r.^sults st;rprigly. vi . 

influenced instruction in a course at the university. The course that 
incorporates the LOCI materials is a new one in the physics. 
department, and so evaluation has presented some dif f iculties • 
Nonetheless, in an effort to evaluate course ef. f ectiyeheiss , the LOGI 
research director has recently collected answers to.physics problems 
from students, who have completed this ^ew course, and he has compared 
these answers to answers from the same students . before tihqy took the 
course and- to answers given by students who have taken: other physics 
courses. To date only preliminary results from a pilot evaluation are 
available; a more careful Study i 3 now underway. The research"" . ' 

(iirector found i how^vier, that the new course i,^ sdccessful in 

• ■ ' . . . ' ■ • . . • ■ ■ -'V • ' . • Vj^v* . ■ . . ■ ' ■. 

overcoming some mi^conceptions:,that students hold, but misconceptions 



in^ other are^s--force and .acceleration, for example—are hard ioP", ■ 

oyerfcpme." .... ■ ■"' .'. / ■. •"■ 

. Reactions to NSF Programs' \: ;.- :• v ^ " ' 

^ that the "LOCI program - helped him 

V"^^^^^^^^^^^^^^^ goals in research and in teaching. He thinks, 

howeveri that the amount of support LOCI, provides is sufficient only .: 
: for f ine-tuning of courses. LOCI awards 'do. not /^e'em large enough to 
; .bring about ■ major changes in' courses or departments . Such changes 

usually ^require several, years .of concentrated .effort—and more support 

than LpCI. can provide .;' i 

0 ^ ^^^/. : Summary and Conclusions 



. ..The. two projects d^acribed in this chapter had a good -deal in. 
common,' Both projects resulted in inquiry-oriented labarato*^rief ::'3to^ 
intjcxiucing students to concepts ^^>p^ . 



projects .were^^^M successful. One project hkdsin^^^^^^^^^ 
€iy,aluati^n; the vpthef was especia dis&emihation. Both 

~fe|jects contributed/ substantially to /instructional programs in their 
departments and col , / / 

Two factors that may have contributed to -the success^J^of these 
projects are: ^ f 

a) Both projects were carriedoput by indiV.^t^als in science 

education. The pro jec?>^^ were consistentV/with career^goals of 
^? V the: project directors . A^OC:)^; work did tiq@|c^ 

; ,.;^^i:diversion from their regular scholarly activities . . ' 
/ b) The LOCI, projects were an ' integral part :of largier: research' 
. and'*i[deyelopment acti^^Tities in the departments. The LOCI 
• projects grew but of earlier fund'^d act ivit 
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"directors; the iprojects contributed to their later funded 
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: ^-^^^^^^^^ / ^ • .: 6th Teaching; Methods 

The majority of the^LOCI pro jects designed, to revise teaching 
inethodo logy used the. approaches to instructional improvement described 
in the^ preceding chapters.- Th^ project 'director^ revised their ' 

;. .courses to incorporate either ael^-pacing or-Qomptiter'-based teacl^ing; 

.^pr . inquiry- A^borator.iess. Not. all LOCI projects designed to revise 
teaching mfe|hods, howeyer, we^re of these three types. Some projects 
were, hard tcf; categorize or feli into classes of their: own; 

:' ' ''1^' '^."^^' J^^^ (^apter W^ describe two such ^projects. The. objective 
the first project was: .to design desktop kjts for. chemistry students to 



use^ duririg^ lec^Ure^^^r^^^ The kits were to contain models, v \ 

xhemicals'^ and btjier 'materials: that .studenfe^^^^ while a 

- vlectiiSjrer g^ve explanations,. The second pro j$ct asked for "seed tnbney" 
^^'^.^.3^V^f^^^^^^ ;us^ to explore ways, tp improve its' s.dieGce - '^^^ 

■■."I-iabbratari^^s^.v • ^ 



Ai^s t6 Abstraction in Introductory Chemistry 



The" first project; took place .in f community colleg^^ located ip^^ *^^^^ 
the South and serving a metropolitan area of approximately 16Q ^.000 
Originally; 'est'ablis^^^^^ in temporary facilities in;l$67, the coinmunity^^"' 
college grew . r^^^ It moved to a 

permanent 180--^cre site in 197^, created ah open campus that operates 
at more than 200.;locations in 197^4, arid established a third'c^pus on' 
art 80--acre^ s.it^ 20,000 resident^ 

of the .area, each year. It offers these learners^ -transfer programs, 

^r^:. - ■.: / ■ ■ ; ■ ■ - ■.. ■ 

career education, community, services, and general education programs. 



Tjtie ■ collejge. also provides 'guidance anti. coiJivs.eling for all students ^nd 



deyelopmental iprdgtams f or rstu^ 



:;--fu]:l--a 




d ixtg %c,^eiiiic ass^istanc^ 



icludes' ah . equal number of . 
^icent ly^jr, :enro 1 iment ."Was approximately' ; 



/320b fuiTl-t&e stir<!^ta and 3400^? Tuition at the 

:/9;collegfe was modest , year for r^sideAit'^ of the 



• • , ' , ^ ■■ . , ■■ . , . • ...... ■ * 

9tate aA4';^^^^^^ year f bt nonre^^^^ The faculty ,at -^the "college \ 

iiiclude^/nKjre than 200 mdmbers^; most of .whom bold .mas tefvs dejgrees.' 

In addition to convent ipnai program's support faculty 

. ; • : ■ ■. ■ ■ '■ '-^ ■ . „• . v. . ■ . ^ ■ 

development-^^salibatical leaves and .a tuition-reimbursement program^— 

the college has a distinctive pi?9gram of s'lippQrt for.instructionaX and 

prof esaionai'wdevelop^nt activit^i^^ its faculty. Each ;^e4r 2% (or ^ 

• $150,000 in 1979-80) oi the collegia^' funds are usedvior stafL and^^^^^^^^ 

:v professional development awards. Faculty members submit proposals for 
projects involving either ^(dividual professional dey^X;Opm 
..development-, of coi^rses ^ curriculati or .instiructi^briai 



are r^iewed by 'a committee compidsed pf ^f a<?li^ty iin^ 
the collegers administration. Awards Have range^Ss;^i^m'^^^ 



$20,000. ; 

Background of the Project 




Before joining the faculty as a' science* instructor iij- 1968 , =theV 
px;qtect djlr^ctor taug^^ chemistry for £p\$^-.. y^ars/at a local- high • 



school. At the. time she submitted her tOCI ^roposalV^she. held a 
master.'s degree frdm. a leiading research university, arid was a doctoral 
candidate in education at a university in the rfe^ion. She received 
her doctorate iu. 1977 and is currently le^ader of - the , chemical and ^ 



..biological sbi^ces ilulgbier at her cotlege^^ H^^^ facul 
. ^members*' 'in- thisi ,clustrerv^v'-'^\,,^' . . '-^^'hr:^-;'^:^'^' '. . ■ ... \. 

- ^ .Th^ main stimulus fori d^'^1^ Lbc^^ 

\ :•■.'..>•,.';'. V . ' ' v>-i|!'::;vv' , „< • 

prppbsai w^s an instructiona^^rot^em:^ The projefct 

directot thought' that tbo few^ of ' the sttide^titis ! in , 

V Chemistry actually gra3pe4 the concepts and'- chemical print:i]ples that. 

• . •■, ;. > ■ ^ \ . : ■ . -'j . , ■ ■ ■ ' • ■ . • 

the 'cburse waar designed tb\teach.: students failed the . 



course, - Th^ project director wanted to improve the vcourse's-^ 
effectiveness. '■■ 'r.. .'^' : ■'■ ... - ' " ' , 

Some awareness of the ' character of^^^ntroductojy Chemistry arid of 



the students .who. etirbll in it is essential to an understanding oIe this 

.LOCI pro ject* introductory Chemistry G^^ers material tl^at rparaltels 
. ■ ■ ■; ■ ■•, V.-- . - ^ r- 

content covered^ in two semesters: of high 'school- chemistry • - The. course 

is considered a pre:^equisite to G^nerial Chemistry 'for students who"* ' 

■ ' ■ ■ ' ■ ■ " . r ■ . * _ ' ' 

■ ■ - . . . 0 . : , . • . • . 

' have not (?Qippl^eted high school chemistry\durihg the last' 5 ye^irs . " 
Introductqry Chemistry is atSfe^ either prerequisite ,o.r part of the 
c^rriculiim for^T&any two-year associate degree, programs at the; college,. 
;i3uch as fi,re technology and^various paramedical programs ; The 
majority of istudeiits enrolled ih the course are the firsf members of 
their: families to attend collie. Many of them are old^r citizens, . \ 



employed in the ar4^:. ^ariy are women. In general, fhe student s- are 
relatively ujisophisticated. in the sciences and 'o| ten are less talented 
academically than the "l^iverige high^ student^." 

^J. . '/The project director thought' that the concepts of chemistry as , 
ordinarily taught^V^^ tod abstract ^f6l? The' 
stjudents lacked concrete references for the words spoken/in lectiires 

'an|j printed^ in textbooks The- project directojf^ thought that these 



' students mighi^ gr a S^^^^^ the^- cbhceptff^^^.g^^ \' . 

materials such aav l^e20?^uriI^g devices , elemerits , cpmpounds , knd mixtures 




on^ their' desktops during, lectures instead of waiting* for lab^*| 
■■^ period?; ..' .^^ • 

Another iiaportant factor in the prbject director's^' development of 
her proposal Was 'her experience as a doctoral candidate in education,. 
As part of a course requirement, she developed a proposal that ^; 
described hat:, ideas about improving learning of abstract chemical 

principles. When the teacher of the course suggested thdt she submit ' 

' . • ■ • • ' «' . . ■ ■ * ■ ' ■ ,• 

the; proposal to a funding agency, she began searching for an ' o 

a'pDraprviate funding source. She sodn- discovered that the funding ^^ 

priorities of the LOCI program matched her objectives^ and with the . 

help of h^/'c0liege''s of f ice of resource development, she prepar^ed her 

proposal for submission. V ^^^^-j 



■'.,rV:-i/..;T; 



. " jler proposal requested a total of $16,500 from NSF^ -The .. ' . ' .r 
institutional contribution tO; the projject was listed as approximately ' / 
' .$3000 • NSF >f unds were to cover salaries for two-^thirds time .for the ■ 
project director and oner^quarter time =f or- a clerical worker for the 

* . ■ . • . - i. ^ \^ ■ . • ■ ■ • ■ ■ ■ . ■ ■ • . 

ten^inontV duration . of the project. .J^SF funds .werev also, to cover costs • 
6£ travel and: instructional materials. ' The project was ^cheduligd to 
• -b^giri in Sept etnifer; 1-976 /'-./y-^-; ;^ • -Z:. - .^'y" ^ 

Proiect Goals and Activities y ^ v ; 

• The project direcitpr'^/assumpt^i ^. . . 

Chemistry* students would understand abstract ideas, only iiE the Ideas /*' 
were, first , expregsed in concrete ways:^,. ..She thought that ^th^ese ^ - 
students could be led toward abstract levels of thought if they ^r^;:^^^. 
. carried iixxt 'concrete operations: relatecj to the abstract , ideas that =' ? 



-were-beihg-di-Bcussed-. — The-project— director-had-twdv^ 
mind for her projects '^f^ ■' 



a; to* develop desktop kits that would help studdntV^^rasp . 

abstract concepts of chemistry; . .f 

,• ' ■■ •■ '■■ - ■' : ' ■ ■ ■'■ ■ ; . " ' -^^ ■• ■ ' ,^ '■ ' :' ' 

b> to d6mpn*strate the effectiveness of these kits 1z^^ 

the ^l^evel of thinking of . students taught >with ,a^^ the 

• - . • • ^- • ' , ' ■ ■ , .. • ■ , ■■ ■■>^. : " : _ ' ■ ■ i . . '■ ^ - ■ 

kits ^ ■. ■ '•• ■■ ^. , ■ ■ •• •.' ■. ..- '' '-■<■' ■ 

:V; . The project >was to' be carried out in two major phases^ The first 
v> phase would occupy the^ last four months of 1976 . During this phase 

the project director woulcTdesign the desktop kits an^ bhe^ 
^ #le4 in the evaluation of these kits.- The second phase-:^. the project 
was to occupy the first six months of 1977. This was yto be^tikt 
for implement kt ion of the project^ /^Classes wiare to be^'offe'red usi^p^^^^^ 
the desktop kits; . data were "coiifected; statisftacal analyses were. 

to be; run; and the ■final report was to /'be written on the project . 

The project dijreitor. made good/use of local arid o^ff-campus v 

resources in designing tjhe desktop kits and evaluating' their 

- •• " • ^. • -. ' . ■-' ""'v- ' 

effectiveness . Off-campus, she att'ended a workshop on applicatioif o'f 

■ ■" >'-; ■" -■■ ■ ■ . '.].." . . . ■ \ ■ ■ ■ 

desktop ^X]ieriments„ and she .consulted with members of her doctoral 
committee on des^ign of the pro.iect evaluation. On her home campus, • 
sh(S found a^ colleague in.icliemistry who agreed to. ojEfer ekperimental . 
and control si^ctions of Introductory \Chemis try for the- pro j^ 
also found twa faculty members ).at. her institution^ were able to 
provide help with statistical analysis t)f hjer results. " 
, During. the first four months ^o£ the projiect,/ the project d^^ 

designed the ^desktop kit/ for IntroductoryaCheipiistry.. fiach of the 

• ^ V ■• ■ '-v. ■ ' ■ • ■ • ■ ■„.■ S-':*/ ■ .. ■ . ■ ■ ■ ■ 

.kit^ contained -ma^^^ 28 >lectures. Kits consisted of an 



_as49itment_df^c.ont ai^ner s.,.,_:clieiiiicalS-, _.mea s ur ing _d e vxcjb s jJi aiid- mo d e 1^: . 



... ... . , .. -. . 

building materials, . The project director^ constructed ffO kits (at^ an 



estimated cbst of $25 pey '^KiO.^^gp tha^^ student in two classes of • 

thirt;^:;^ould have^^ individual desktpg; kit during; le^ periods.. 
'-■^^^pikrixi^ tjiis first' phase of the project i the'vproject direptor" atso • < 

^d(esighed the^tests that she would use in the, evaluation, She^-^ecided , . ' 

i first td'^'clas^ according to level of intellectual 

development as deteinnined byv-P.erf qrmance on three Piagetian tasksV To^^^^ ^ 
measure student achievemeiity .sli^iid^ to look at several variable&i)»? , 



$fcorfe'sron a coI^prehensive fidal examination , adjusted f or- initia'l' 
difi&j,ences in student knowledge; total ins tructoir^as signed points 
obtaine'd by stiadent s in the exper imental's^^d qpntrrpl classes- on. tests , 



quizzes^ and homework, assignments; iaiid instructor-assigned grades. As 
her measure of _ student altitude, the pro ject" director deci to use 
responses to. two individual question^. These questions asked students . 
to identify the degree to which they liked^chemlstxy and the degree- to 
which chemistry was easy for them to understan'tjc. . ' . > 

■* . ■ ■ . ■ , . ■ ^ J} . , i -J^^t ' • , 

The final task of the fit^t phase, of the prbject was selecti 




an exp'erimental. design. TIjM^ project director decided tcA use two '.' 

instructors in* the experiment . Each instructor would teach twcr '^r - 

sections bf .Introdufetaxy Chemistfry:: ^an experimental section and a 

control, senitiol^^^^^e. project director, intendied to use s-tandafd ■.. ' ^^.^ 

statistical tests to compare T)erfonriance ih the control -and 

experimeutal :groups . ' ^ ' / ^ ' . -L^,^ - 

Evaluation pf tl^e t^roiect ' . v : . ^ . ■ ^ * 

: .. *The differences that th^project director discovered between 
■i ^..-V .-. ■ " I ■ *" . • - ■.' • ■ .."^ 

experimential^nd contrpl . groups favpre^ th^ ekpei;im€,ntal gtoup, but 
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diff erence5>^w;er&~ 



' initial knowt^^gi^^ hpwever, differences were clear and^;^^8^ 



significant. Adjusted score of the erif|j:e expe»rim 



higheir than those in.the entire control group* ' 



In >a separate 'analysijj^.% 



carried out .off^stiidents at the co^:pcrete level bJr operations, the 
experimented obtained the same' result . She also bbtained. , the ^^aiine. 
result in^; separate>nalysi3 restricted to. sti/^ at the forma:! 




jsults were' far ^less clear, in analyses; that- depeinded on . 
-^iits^uctor'-assigned ppintis and instructor-assigned gradefi, Total 
number or points accumulated by. the experimental group-^^ 
vsigi;iificantly higher thaii- total points accumulated by the "^iontrol 



. *group, buj^: the sam^attern. was. not. obtairied in ithe' separate analyses' 
. for^udeifits^^a^ concrete :^:^|£:omal' <^ In . J; 

. . Addition i thete w4s no significanti^^dif f ^ in /proport^ans/of ^ 
^;students receiv\n§;^i B, or C in/^1 

: eXperiiiientaL ai;^^ control sections: The-^ of students 



receiving theS^ grades in bojh the fxperimenta the control 



. sectAoh wks about equal to the. proportipn-who hadl recisi^ these 



gradesf^f rom the instructbrM|&iV th pasjt^.\ . 




There was also, no ^.i^g&^^n^re in sty^ident"' resp^o^es to the two 



questions: 'Vt like chefmis^^t^^ J^'ChJ^i^y'is e^sy for me' to 




understand." Aithoughvstudeht's in both groups dfeyeilppied more positive 
altitudes toward Chemiatrx; during the cdyrse,' the- amount of attitude 
.change as mieasured ^by' thesff questions for ■both 

experimental and contro/1 gr^oups.-> informal 'comments ^^^;p6m students, 
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how^i^i&r J'^provi^^^ about the~~ef f ect s of "the kit s^on 

Students^ attitudes. Use: of the kits seemed to increase student . 
ehtli'usiai?!!!. The kits "refreshed", students and provided variety during 
'^ecturer^discussion format. ~ , ' . . W 

;^ Oth»fe Effects of the Project . ' - - 



j..ff«cts. of the LOCI pro ject ejctended beyond the origina|/ 
cla:sseVUn Which, the kits w.ere 'iisedv r»In to the project.; y 

direc^tbr of Introductory Chemistry at the college are^^i^ 
now usiM *the .p^je,ct materials. One o£ the- pr'oj^.t^^^^^ director's 
cplleaguies-vis" usitt]^ the kits in both ^Introductory .Chemistry and in a p;- 
'..new' course :ti tied iShemistry for Everyday Life . ^' Anotlifer colleague 

radde'd his own .in^rubtii^ req.uirefiients - of r 

'■■y:'^J'\'' ' ' ■ ' ' '■ -.1^ : 

• |iis cp^ In aiddit^n)5|^^^^^ inquiries' : :^ 

about^^^i.pro.ject froi at oth^6r colleges iand ' ' " c: ; ' 

universities* ifhe ki^^^ used on dome of these campuses, 

^and at* one ianiversity^. in the^idwest,, ja. science ^S^^ 
'%Ut a^ 9tu«iy to *repl^fegLti|^^ f indings on the ef f 6c^s o^manipulation 
*aids"•^!a^concept^4^ /^^^■■ '^-"r. ' •*'•■'■■ V " ■ ^■ '^-^ 

-The project director has presejitj^^^ heV^iiidin^ "region^i!! '^1^ 

and national meetings of prbf^ssiotTijal assbdiatipns In chemisfry .^ A • « f 
-.^^Ifper describing pr.pjec^\jtesults 'will soon in thefp^li^h'ed 

■ ptoceedings of one of^'^he asspciations • In recognition oJ^ef . , 

1 ef f ortfiyjithe project director.^ recently^ received a •nationa^^^je<3^^ fo'r^ 

■ ■ . ■ : . ' : . ' , >^.. " V ■ ' ...^---t 
good teaching in community -college chem'i5tr,y from tne Manufacturin&^;"^4 

i . . ''• . •• ■•'.■^ ■ - ' ■ • - ■ ■ ^ ' J . r ■ '•?y■;U■ 

.^••■;•■.. ■ ; ■ ^ . ■ ■ 

Chemiflits Assocjiatioh. Recently the- project directoi^^submitted a 
proposal vto the^ Department of Energ;^ to ^ develop workshops fot high ^ ' : ; 
school- teachers. She a^tljiipates. ^at her experience as diirec^oi: of; 



the LOCI project will help her in the review process for this 

propo'sai..: ,' ' \ ■ ■ .:^I8^'' -;^ .■, ^ :/f - . 

. Reaction to NSF Programs. 'p -' ' . ; ' , : '■* 'v " . , 'v v- • 



. ;Th^ project ^director cp,g^dered the LOClVprogtam to be an 
excel lent-, one.' • She' though^ that the prcfgrW guid^lSnes w^re'^ciear, 
the amount of. money allotted for projects was adequate, and the . tiihe 



allowed for- project^ conjpletion wais^generous • . .^he considered the . 
requirement be a :Teapnable : 

expectat ion of ' tiEie L(^±.J|^B^' no ^ 



suggeitions for revision pf/^xbctyprfife^ She did report, ' 

•}p^lfeveT, experiencing Som€'difficulty;.in sUbmittirig her final project ^. 
. ■ 'f.eporfe^t the :4ppropriat:^;diVision of the Fpundatlon, and she ^ ; 

: suggested thdt efforts be made to improve coordination between the ' 
■■ -various ••divisions rM:;-lifSK' ■ ' ''^V.. . ' .. ' ' . -^.^^ 

V ' Labotatory Instruetioti jat a 'liberal Xrts Col lege ' " . ^ 
The . sett ing f p^^he. !a<fgffl?^f^^ was a coi<iac^tti?bnat chuif <^-^: .1 
^t^ted^^U^ arts' c'q^ll^c^^^o^^^ 20'"year> a^o ^ t^^ 

> college moveci vto its ppe^ent 7 50-:a'cte' campus* just out side a Southern , - 
• fity :<i||i/100,bp0.v^r^^^^ a mountain in one^^f the ' ' • % 

^ Sputh s;most ; scenic regions , the campus includes a 3d-acre lake, ah IS^-^'^ 
|:;Xhole golf coursie, a rose garden / a Japanese 'garden . 
and pools. This Qampujs ccut ains 22 buildings, all completed since 
1956. tire major biaildings are faced with baxidmade Virginia brick^ and v - 
many have ^'columnec^ porches • ^ / v .. . ■ • 

* . The.^stijdent body^ numl|trs approximatjj||g2500 . Although' fltiosf - ' -/"^^ 
states are repre^s^i^ted ^in/the student body^.more than j||^ee-<iuartA^_^^ . 
■ of the studentB^^ from the^ South Atlantic stja^^es, an^ ijiv/^* 
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the collegle residence halls. Estimated expenses for students are ''^ 
Cabout' $5,400 per year, ^ The admissions policy is very selective. In 
' " 1979 the college received 1845^ applications for : the freshmah'class, 
an^^ktplled 674 students. The entering class iaveraged 1078 in / 
combined SAT, scor'es, ' Approximately 15%. of freshmen do not return for 
the sophomore year; approximat^ely 65% o^, the entering freshmen remain 
. to~:^ra<luatei' and approximately 75% of those who graduate continue 
their studies in graduate ot professional schools. 

. Many; of the students, ar interested in^science; Freslmenj^for . 
'exaiiipl^^^^^^^^^^ their field of interest more often than any 

other ^ield. -M^ are interested in 

^1; careers in medicine, and tliei^t'^jiterests shift by the time they 
declare majors. Of the 390 d'egrees conferred in 1979, 19 were, in" 
biology; 15 in;, chemistry'^tjll in computer scigtices; 7 in gebl6g^|^:6" 
math; and .J . \n physic js . : ' v ; 

Background for the LOCI Pro lect - . : * 

^jC.: '"\ The lOCI pro ject J^^bn^ of interrislat6d* - 1 

: adtivit ies at the co 1 lege j^- These act tvit ies fi(|t:art ed three or f o 



yeai^s 'before the LOCI ^if&j^ct'ifas' fi^ied'^when the xoTlege 




'gratits from the Exxon Education Foundation* 'aiiU Ford Foum 



support wQrk« in plaiining. To detexTnine -Ou^iricular goa one bf -thevf ' 

he analogy of a 



piai\hing procedures jdeveloped .und'ei: tKese. -^grants 



">u&ed\^ 



trip. Departments tried to answer , questions asked by travelers: 
Where are you now? Where are ybu^ going?; WhoT'is go ipg with you? .How 
^^wLlj^ you know when you\^t there? /Another; manning proce^tj;^ , 



^fveio^^at the col] 



.lege requij;:^ departments tjb. identify (th^eir ^y-'-''.. 
v Strengths, weaknesses, oppojrtunitjLe^s J and thrl^atg (or SWOT's) in key 



planning areas^ Exxon and Ford grafats had . an important inf luence at 
the . college, and each year each depar,tm4ajt.^ea ^ 4eYeloped 
tinder these grant s in .curricular planningy^ ^ ; 

Another important link in the chain pf^^ve^ts leading to' the . LOCI 
project was a grant- for faculty .de^ it^/^cademic planning 

received from the. Kellogg Foundat'ibn in 1975,. This grant heljped . . 
^faculty members follow systematic^ procedures itji' developing curricula, > 
courses, and new instructional strategies. The Kellogg grant ^ provijded 



faculty members ^Hin xeleased time a^xjd'^bther support -seryi^cea to woz^kji 



on problems identified through the SWOT's . analyses and'^otror goal- ^ "^^^^^ 
3Qtti.ng jTQCeduTes\ Participation- in the Kel^^^^ p was 
•yoluntafy, but in; the three years pf t^^^ total of ^58, but |f 

, ; 145 f ^<:uity *mei&b,ers participafed • - . ' ^ 



N ■: ■/ 



7^ . <:9^ 



V ^ the biology d^^artment^ laboratpry instrutiti^ir / 1 

as/'a. fcey wea of concern..^^i'n its .SWOT's/aiyLly;^is^ An associate - ' 



pi5.ofessor of ^biology.*: was identified as an. individuat who would wbrk^ on* «^ 
the prbblec C.^ > H the fCelXo^ grigjt could , provide suppiy^t-^ t 

a faculty membe^^ orn instju,cti6nai^^^ change at the 



college-. He .also knew about.^p^^d'^^LOCI try to 

obtaiii ^linds from both* sources^ to work toward a' so lutiQn^^^^€^^^ ^ 



* problems laboratory: instruction in biology .* 



.One distinctive aspect of the proposal this faculty pember 
eloped was i!t? explbratpry^character. Like other college t6ach.prs, 
* this /faculty m had hgard -a great . deal about individuaiized^ 

! instruct iohT-raudiotutorial teaching, computers, modules, mastery 
/•l^.ar^n^j personalized ipistruct ion, an<P^ on. HisWjpr objective 
Was to^ determine t^ich of^ the practices and materials would 



* 



wo 
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laboratory instruction at his university. In his prb^posal,. he ' ^'4^^^^^^^^^^^^^^^^ 
: : reques^^ funds for bojth. a^j)erio4^^^^^^ of^alterndtives afi^^^^ 

... per^ijod, of implementation, . : ■' '.' ^ \ ■ ^ \ ! 



ii^plt 
The/projpdsal^ 



6500 from »S.F. /Tl 



. director's ;inst4^t:ution>was to conlrfibu^ another^$4Q00 to th^^ project . ; ' 
The. major item on NBF 'budget was summer! salary s^^pprt for the^^^p^ 
director and an assistant ditec^br; other small it e^^ student ) y 

a'ssi^tance, seqretarial help, travel^^/and inat^erials • The proje.ctt was " * 



p;ec^4^o. begin in June .1976 and to be ^completed in 15 months . 



Prdiect' Goals a^nd Activitie's 



The LOCI pro je©t4had twb majbi: objectives : exploration of 
alteriiatiy^s, availab^^^ department j^and use .of selected . 

^-^;,,alternal&ives in.labGratOTy ^strucrtion at , the ^college. Within one 



r of the staLjrt, of the prQ^jeetjijChdS project director had completed 
p>b'6t.h^^'W^^ CO ^. Leaguers. ha;d (sx-pio.ied^ major ^'^^ "* 

Im- i^^^ iiistgcuctAOHj''a"nd. he and His studentV^riad 



.cpmpl^^ted '30^i^^ topics in. biology.. 



. .To . compare' alt e£nativte methods of l§bbrat6ry instiPuction, *the 
prb jec^-d.irgr^tsr rbr vwofkshops, site viisitsj/ and 



46moni§trytron5f.:^ EirjstCh^ Samuel Postlethwait of Purdue 



UpLversityxjto campus to (ronduct a wbrksh^^Hon ^^^*r^iotut^g^^ial^.^^ ^ 
LOji. ' Although the depdrtp^tc. reached the cd^lius-ign 



instruction. 



' . 'aj^dio:tutoria''l in^trjS^cfeiofH^uldr-!^^^ be. used in ail labaratories , / r . 

department.mqmbegrs felt some features of. aiidiotutorial 

.y * .ingtruction could be '^corporated ihto th,eir new program.* , Sefjond, the. 

proje^^^^^ ass9^;i^tes; visitefpA)ther Cj^^ to. | 



.0; 



> study their methods d£ laboratoryjNteaching. Thitd, they attended : ' 
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workshops on a variety of topics, including computer app^ica in 
the classroom, competency-based. education, alternative? modes of 
instruction, and Keller''# personalized" system of instrucls^l^^i ^ 



''•^f^'f inally, they obtained a^%umber of comm^ 



(^cia^ly availabM;5M 
afnd .looked into ways of using these"' materials in indiyi^^lized 
laboratory^nst ruction. ^ ^ . ' 

To be^fr implementing more individualized instruction in the* 
biology department, the prOaj eat director .had students prepare slide- 



tape mini-cotirsj^s. on basic labdr^^^py procedtires and topics. The v 
lil)rary of 30 stide-tapyes that resulted from this project served as a 
core of materials for individualized laboratory teaching. In - 

lition, the act^i^ity afeid^^ slide-tape»mini-courses proved|to 

v,.^ : v^V.. --.^ . ... ,V ■ a 

be useftfK in itf^^j^ since it allowed f acuity 'arid^ to interact 

pn-:^one-torone basis wKile making glides and planning mini-courses . 
Peer review of preliminary slidi^^^^ helped refine final products v 



and. alsfi. served, asi valuable learihing experieiices . 



|^4p.es .are now a^^ailable at the- biplo^y;:;:depa$^ -^"'^^ 



mp. yeard after the completion of the LOCf p'rbject . * ^' '''^"f^!^ ■ 
XhQ. tapes '^e'neat:!^?^ . and -easilj^^tained by^tu4ep ' 



learn^ing cent!* 



% FaciiTty members in the biology departiaeinti-^tbda^useVthe 



•different way^^.^ ^he ta-^i^to supplement iiJstruct1ijB^--tp 

enrich the coti'tefet o^f ^ coupes': Or for \reme teaching 

in upper-divisioil courses. A. f acuityx^mS^ sitoplj* W ^ 
avai 1 ab i 1 i t y jof a s l-i c^t ap e,; Stu4ent;^hav e : tl^^^^t^n W 
if they want to . In other^ ca^^s^^^^ use -o^ 



slafdfe-tap^s in. courses . ^/"Inst:^'^tors( assign -t^ m;&imi2^^ 
amount of lectilre time spent cm roiatine teaih^rtg^^^^^^ 
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amount of individual instrSttio^^ lamprratory proce 

The project director reported that during the coilrse of a year all 

instructors . in the biology department would use the slide-tapes in one 

of these two ways^ . He^ also reported that the rate-»'^of use of th^ - 

slide-tapes is increasing. While it is not so gr^t as he had hoped, 

use is greater than he had expected, 

■\ . An important outcome o^f. th^e. LOCI ^project was increased awareness 
• ■ ' -.' , ■ ■ ■ ' '■■•■./ ' • ' * 

at the college of optionsi available for science teaching. This 

♦ awkrene 8 s/ helped shape the science division's ^successful 1977 proposal 

. to' NSF'^S ' program on Comprehensive Assistance to Undeijgraduate, Science 

Education (CAUSE) / The d^^^ the XiOCI project made Impprtant 

contributions- to this proposal, and iserved as CAUSE pjojeet ;>:'(! ir 

. for; one year. The two-year project riequired mone than $200,000 of NSF 

funds and more than $125,000 of institutional funds^, attd involved the 

seven science departments at the collegie; 'biology, chemistry , 

. Comi^uter science, g^^^y, mathematics , /.physics, and psychology , '^^^ 

<e£fec^3 of the CAUSE prroj'ect arer^quite visible in many; of these 

department's today. Attractive and popular learnilig resource centers 

. functil^n in th6 departments of biology, ni^hemati^, .and cotnputer -J'* 

. science.. A modular mastery cou/rs^'^is thriving in the mathematics 

; ' department , LaboX^atories in ' some course^ went from a cbc^kbo^ 

.approach to .4 more individualized method; of teaching,^ The us^ of 




dia.xrn sti^nce iucf ea^ied^/^. 



The-physical changes^./^^^ brought ab<3)ut with NSF fu 



6eem to be^a sburcid^f . pride ta the science faculty, v Many science 
.'J^eac^rs bei^ame de.eM ptojecd acti^^ies ,, and' their \ 

®itie^ toward^ tlie' "pro jec J tQday is very, favorable^ Host 0/ the'(-^ 




9^' 



changes that .took place at the .college, however i occurred after t^^^^ 
„ CAUSE -award was made. The LOCI ;projecV^di^ -in fact, ^mentioned 

that^he had. some trouble in involving^'ol^ers in courae revision before 
Ihe. CAUSE ),award\was received. He' also fe^t' constrained in what he was 
^..A-:^^:'^^^^^^:^^^ amount of mon^^yaj^/able froniKLOCI; The CAUSE 
' grant soly^d both thes^^^^^^ of , the availability "of 

Slimmer sal^ar||;^5^^ scopedf-the project, the project a: 

.director receiVecf fuller departmental coo^exaJ^J^ on. the CAUSE ' 
project.; He, was" also able to buy the equipment he needed — not just a 
Single' audio-slide Viewer but the ten that were necessary for a 
learning resources center. ' ^ 

Evaluation of the Proiect ^ ' * v 

' . The proposal for the LOCI project did not -donl^t^'*a/«e^ra^^ 
evaluation section; , the evaluation, activities d^iscribe^^J^ the . 
proposal were . iiiforaalV The project .director .was to gatfier " 
questionnaire data on projeot^ ef ffectiveness-'from students and ' • ^ 




laboratory, assistan'^^and tQ pr 



department faculty 




pragr^ss -reports to the biol^oj 
tings . ^ The. purpose :0»f th^ 



evaluation was-to imp^v^ef-the imp^^^ new^'aj^c^^^^^ 



procedures . 



The evalxiatio.n that took place was informal. ^ sTh^ project f ' 
d:?recltoi^ reviewed student reactionis to the\ StlidertTpes witK^is ' 
_ ^leagues. Ovetair^. tiiey judged^tii^vta^^ of - g^n^all'jr Ipocf # ^ 

.quality^. . Some ^ se^inerf "better than coinmferpial ly ayaiiable" others 



imed. fairly rough in fJ^iisj[i. Discussion of these, and otlfer ^'^ 



reactions to the initial pro jerct^played an important r.pl^ in* 
.deve lojment: of the, CAUSE prc^^ • : 



certain ithat without NSF suf poTt, "the 



^X^- The ptoiect.i 
tii^ege dbuld\ti&t^ h^^^^ laboratory teaching;y;«b 



'^i^iciti CAUSE, grant, it would haye 

^^takien five^o^^^^^^ years rto -make the cij^nges in attitude and in 

fe^- * '/j^' -^^ . ■ 

V facilities that were made, dxiring t5x& grarit period. In general, 

therefore, the praject directdr.; f^^jL^^ry^^^^ NSF progra,ms ' . 

that made these teaching improvements possi^ble, , 

Small changes , the pro j ecft director' thinks , might " improve the . 

^ . ' . ■■ ' ' ' • • v''' ■ ' ^ ' ' ' . ■ ' ■ ■ ' :' ■ ■ 

. clarity of NSF program guidelines ; . t)he gu,i^^ f inal 

repbtting^ for example, were not= cbmpretely cTear> ^uring 'the grant 

.period, the project directpr .f^l^^^^^ )NSF; ^^jcause !of 

.'rotatiijg staff at th;e agenqy^ -he^ij&n c<?jitact . 

about problems, when they arose,, .He .6^^ iifeSt^ll an 800 

number'^so that calls could be made t^p^feiiWith^ expense, ■ 

^: * The Qhemi%try/ d chair^*^^^^ dean at; the college 



also made a number ;^o:f.:^^f:pto 



thinks that smaill piatlning grant s . ar je';^^iS^l^if§SP^^%e hopes that 



- foundations wiAl ;;cdn£'ih\i(p^ t grants before making large'* 

-7 f iaaliv^vsirds'.^ ^vB^^ dbes aot think i?u-A^lR^rbpriate to use " . * 



^- **innovativeness'r. as a 'criterion in. maJcingVawa^j^^^r 'improvem^ 
' sci)^hce .education, H^'pre£^i||iP . grant;^*^5jgr'ja^ wheii-e p»rdject diT^<^i^s 



e allowed flexibility 




nslvetiess^ inf use of ftindsV, li^es the' 



low visidbilitj^^f^NsX 0 .redoimnends greater 

- . ■(■ • Z^'-" " '■^-■'v^:.-- ]' ^ ■-■ ■ ■ '■■ V * 

clariity in^ NSF guidelines and j:^q\x^T&a^^ The last. point* seems^>-s - 
6speciafly iiaport#ht tp« him. He fe^is tWat requirements of . specific 
programs' aretej.no.t/nr'a^ dlear .^nough^o proiect directbrs^ Changes in . 



-9.1-- 



requif ements aris not allJkys conimunicate^ .pr He 
thinks th^t program managers should 'proVM s 
requirement s^o project directors, ;an<i should; update the^let)Jet 



as 



necesijetry. 



; '. . / ' -^ J Summary and Conclusioas 

v - ^^^'^^^Sh both these projects . took place in the Southl and -both 

,, ■ . ■ . , ■ - : . • • . . \h ^- '. ••> - /•■ . 

made contributions tp thei-r -ins t-i^^^ they ^h^d little else in . 

common. .ThjB two. projects wiere* carried out'-at':diff'erent types/ of 
institutions 'withr:^!!^^^ One project 

; a depart:m€htalv emphas^ ; the othf r Emphasized imprpvement oS a^^^i^le^ 
coui^se. , One project emphasized ekpi^rati^;--t^ <>ther:^phasi^ ;^ 
. : outcpmes . On4 pMrfeqt cbntain^^ .^^aluatibn "d the bth^ -V I 




rgdve little aMeijition to fdzHoaal evaluation^ 



^ • ! ^ The juji^apositi^ Qf the^ twio pr^i^cif^^ mkkevthe; point t ha jc^ f ^ ^ / • 

LOCI pro jLects are ^iverse^^^ ' T^ seed money • > '^ W^ 

^j^epartment ti^explore' ;^lf re^j^i^n of-^^ 

tSfet thfe^ damp tamp -i 1- riT-nv."5 <4o/4 eit-filKrk^-i- -PrkV* «.^«^^Il«u 



/i»t the^ dame time it ^p^ diagertataon re 
development vand^ ev^.l^at^^^^^ 

chemijStry^v, \oth projects, proved -^to bef^ lBh^ife:|^ 
irisfi tut ions, 
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In the prec$d.iiig=^^ we described^^l^ p^^^ject s designed 

revis^^^ teachixjtg methods used in iscience "courses • In addition to 



to 



supportihg^pf 6;jej&^ teaching methods, LOCI also .funded ^projects / 
designed to reVaV'^M^^ content -or science courses • In . 1976% 

approximately 3Q%'''c)f' al^X^ awards were for curricular projects ; in 1977^ 



^'curricul^r projects were 40% of the total; atid in 1978 they were 47%. . ''4' 
■ of^^the total. ;Some of "these curricular awards were for;, projects to .v ^ . » 

, a -update introductory coiirses , ; some ^ere for; revision of s^dVanced . a? . 

courses.^ and some w6re for development of sequences of courses, - " » 

",,^r--- .Jl^y^J''. - -^'/...[' J: ■ 

v ^ \ ; In this chapte:^i(e describe three cur pxojettS; vThe' f i'Fst j> \ = 

■■j'"-^- v. J-. ■ 'v'^ / '-'^ " A' ■ ■ /■ ; 

;v" w^'^a prpje^tt to design.';^^ using the sap^/se«t of 

o. material? for two different T)iology cbutses ' so , that learning* in .one ^ J: iV 

* ''V'^^^^ . . --i'-.c-^.-^'v, ■ ■ ■ -V -i^p" 

■ : course \5rould xeiwf^rce learnitig 'in the other,: \ The .second project was ' 

. to ^d'ea^ign an i^terdiscip^ / o 

^.trahsppj:tatio'ij[h^\. The coursei, was ta intrbduce fresjmen tp^' the^^ / ; \- 

tareiars of- science ''in a- single^ team-taught cours^e:, and Jt was ia(.J.so' to " - ? 

servers a prototype for a total unified science curricutJ^^ ^^^^^^^^^ 

■ ■ . • - J 

■ ■'T't • • ■ • --^ 



thirg project^as to revise* the; capifen^ of a^couiHs-es-iii-^omputer . .. '-"^ 
sci,en£e • Hie WBvised course" was to cover microcomputer. ^technology in" .* 
a. hanlds'ton environment • ' ■ ^ ' • 

^'■■'.y'^fy p. • v. ^rite^js^ra^ed At a Lib'dra:l Arts ^CB^ v ' * • : 

*' ' ■ . • ■ ■ 'h-^- .-^^^^^^^ : v'-^■^^ 

lie curriculdr projects took place at a ^private, . ; *f • 
.y 0^ a ten-act'e campus i'ti obe- ... v ' 

..^^,,Jif The 'college was> v-V ^ 

• . -y^r.'./-^^".'- /■•''■■rf, : ■■'■-'.i 




hBt$,i^li3i^^ .furji ...6f tna ce^t^xiry t «£er 9f5:eg.if ic . ■ '.^ 



« 

• •■ A- 



careersj_either immediately upon graduation or following postgraduate 
-^education. To achieve this goal today, the College offers programs, 
that combine the liberal arts and sciences with prof jsssidnal 

"^pf^aratifonl""'"'^'""""""'"^'"'^ - ---- — 

The undergraduate student enrollment consists of some 1700 women 
and the. graduate enrbiiment consists of about 1000 women and men. 
About 50% of those attending the college are in-state students. The 
majority of the others are from the North Atlantic states, but almost 
every state and dver a score of foreign countries are represented in" 
the student body. About 60% of the students live on* campus, and the 
others commute. Resident students pay approximately $7000 in tuition 
and fees each year ; commuting students pay nearly $5bbd.^ 

Recently, 1420 applications for admissions were received. at the 
college; about 82% were accepted; and 42l__freshmeih-^nro±±HdT^ — 
entering class 'averaged 480 ^on the verbal section of the Scholastic 
Aptitude Test, and 500 oh the mathematics section. About 75% of these 
freshmen are expected to graduate in four years; and about 20% to ^% 
bf the graduates are expected to go directly to graduate school i - 
The/faculty at the college consists of 150 full-time members, 
approximately 59% of whpS'hbld the doctorate. Salaries £br these 
faculty members are above the national average. Their teaching load 
is. 12 contact hours per week; student-faculty ratio is 12 to 1; 
average ct^ss size is. l^^^^ents . There is np formal faculty 
development or instructional improvement,. center on campus, and 
released time is hot usually available for course imprdvement 
projects i Faculty miembers are expected to work on cours^and 



..fc ",.>yv lit' X 



curricular revision as .part' o^if^^^^ teaching duties or to do 

more concentrated^ work on cujj^^xqTJ^^>-\^j^^ during sabbatical years, 
The LOCI project was desli^^^ a 




department 'with eight f ull-t im^JlP?!^ i° sc^oof s 

modern_si:^i^ center. This depJ^me^^jPPl^'concentration program ' 



'prepares studentaw for immediate em^fffl^^^Blbi: for iurther Academic 

• . • ■■ ■■ ' ' - ^^mi^- ' - ' 

specialization. Students majorii^^w^MH^ a two-semester cor^ 

biology program, and the'n select froS^;'^^^^^ of courses those 

that will' best suit their own intere^^^phd gb^l^^^^Students may 
hbbse an animal track, botany tracks ^^p^ure oF;^t5e, two, pr a 
double major. In the junior year,' b'idjto^^^ude^nts d^l^^ 
study projects^ which are completed in the slnibr* yel^ ' 4^ 
Backer ^und of the Prbie ct - ^ -V"'^ J.' 

The faculty member who developed the LOei"^^^<^^'^ 'i^^lYtd the 
college as' an assistant professor iri 1975. Afeer fee^ceivini;^fier'• 
Ph.Di in 1957, she taught and carried out research S sev^^. research 
universities. In aiiditidn^ during the sixties ^ she sought out 
Opportunities for retraining and reeducation to keep abreast of her 

field. She was perceived by the biology department chairperson as an 

. ■ • ■ . ^ ■ , • , " 

.individual who could advance rapidly at the college. 

• " • ' ' \ ■ . ' . . ■ ' 

This faculty member brought with her perceptions of her new role 
that were consistent with her ea^rier background in research. She was 
knowledgfeablie a^ut grant proposals anci proposal writing^ and bh 
arriving at the college she made it a point to learn about^ funding 
programs in education. During her first year^ at the college, she , 
develbped prbpbsals and received awards for research and development^ 
projects from NSF/'s iOCi program and its Women in Science program. 
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' Although her faculty cbiieagues suppQr,ted.he"r in h^r LOCI work, 
'they initially had some reservations about the project. First of ailf^ 
the courses to be redesigned with LOCI funding were courses taught.Mot 



by the project dir&etor but by other faculty inefib erg in the biolojr 
(tepartment... To put together her proposal, t^' project director ^fad to 



convince her colleagues to revise their cbtir&i'| Second, the- 'v^' 
■department chairperson felt that, a great d^al oTS^Boiatory y^ision 
could be carried but^ strictly with department funds >wlthbut ,^^ heavy 

investment bf , government money on salaries and equipment/ ' the "LGei 

------ , ^- — \ ■ ■ ----- ■- - : 

proposal requested more tTian $17.iOOO frbm NSF.for faculty^^isalaries^' 

student salaries, and" equipment to design br redesign fouy ^ 

expefimefits in two courses— about one-third bf the laboratbry work in 

these courses, -pe" department chairpersph at fiistwaSted the future 

project directbr , to wait and see what^couli"be^one \/ithTbcar"funds^ 



before requestingUutside money, but the department i*haiiperson too 

eventually off ered\ support fbr the LOCI proposal. I >' 

Proieet Obi e ctiv es and Activities ' ,f ' 

The proposed project was designed tb cbbrdinateithe laboratory 
work of students in two separate cburses, Cheiiiistr^:^iSd Biology of 

--- - - - -■. - -. ■ \- - ' ' ■ ■■ ''ll I ■ . -' : ■ 

__eells and Genetics. Before; the project began, sttif^rits at the' cb liege 

bf ten' took the two courses concurrently, but the courses were taught 

independently by . two different faculty membefs^ NH; special effort was 

made to relate the content in 5ne of ^he courses tJi'that in the bther. 

The purpose of the proposed project was tp interrelate the learning ; 

experiences of the studgnts by providing coordiniated and coinplemehtary ' 
- - . , ■ ■ ' \ - . " , ■ ■ ' • ^ 

labbratory materials for the courses* In the prbpbsed approach, each 
• ■ . j . . ; ■ ' - v ' P '''' - ^ 

course was to be presented (autbnbmously and eacfij^ i;,eacher was ito 



function independent lyj but the tiiateriii^ used in the two courses were 
to bverlai) to a significant degree^ The proposed -project was 
therefore meant to give studenti^ a more unified view of the biological 



world. . i • ^ . ' . . 

ThS proposal identified four major areas for this integrated 
approach. Coordinated laboratories were to be desigi^ed for each' of ' 



"these areas; One of the area's ^ ; for example i was use-bf 
electrophoresis to characterize ; proteins i in the laboratory in 
Genetics, students were tq/^mate strains of fruitflies differing in 
electrophdretic mobility of prominent enzym the laboratory 

Chemistry and Biology of Cells ^ they were to examine the properties o'J 
these same enz^^ymes in detail. Other laboratories involved the same__ 
sort of * coordination and work oil common materials. 

The activities of jthe- pro ject were to be carried out in two major 
phases i This first phase was scheduled for compietion during the ^ 
summer of 1976. During this phase the tWd< courses were to be 
reorganized, and laboratory exercises were to: bis designed for the four 
areas. The second phase was to be cdmpletedi during the spring df^ 

,1977. Secokd phase act iviti,es were classroom testing of the 
laboratbpy exercises and evaluation and- sunpary of project results. 

The first phase of the project mdved aldng according td schedule. 



\ 

During the first we^ks^of the summer^ outlines were written that 
coordinated topics both in the laboratory and ^eciure sections of each 
course aiid in the lalidratdries in Cell Bidldgy and Gedetics. Dur^ing 
the remainder of the summer^ laboratory guides were developed for the 
fdur areas of the coiirses. This work^was this joint ff fort of three 
faculty members in the ^bidipgy department and three student 
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- •aasistahtsi ' TSe labulty members prov^ed the Basic 5ut lines for the 
laboratories ^iThevstudents * 

z;.;C??;ttibut^d^^^^^ 



prdcedi^res. During this phase of Xhe pro j hecess^iy equipment and 
. Supplies, were ordered fOr the laboratories. ' 
Severa l events occurred during_J:he^se«MLnd,ph&se-o£ ± 

■* " ' - J ■ - * . ■ , ■ \ 

that curbed the- smooth flow of project activities. The first of these 
was^a lower-than-expected jbint eSroilment .in Genetics and ciil * 
Biology in the sprixig of 1977. The project director, had , expected a ^ 
; jo int enrol Iment of 3 5 i^ th^6'Twc)~d0urIes ^ and" exFecF^a^sd Tl^^^^ 
f other students would enroll in oily one of the courses. The ' 

■ ■— ■ ' 1 — ' ' '■ ^ ■ . ' ' ' . • _.• / -'* 

"^enrollment common to the two courses, in fact, was only four ' 
students. The number-of s'tude%t-§<^^ be affected by the project- was 
^clearly J.e?s in this temr tSaS the: project. director had hoped il:; to ^ 
■ . be.. -■ . - ■ - ■•. : ■ . ,• 



Two other eve^t& Occurring in the spring' of 1977 were^ equally 

important for the fong range outcome of the project. First, the V" 

project director. resigned frOm her position at the college. She 

presently hMds a full-time research positidi at a major research • 

university. Second, the assistant professor responsible for the 

course in ceil biology, then in his sixth year the college, left 

the institution for another positioS.. With the final re^^^ 

project outcomes only a few months away, the prbjiecp*lo'stv two-thirds 

- --.1- ■ S - - ■ - ■ 

of its faculty, and had involved only about one-tenth thfe number of 

. Students that was anticipated.'. ' * . 

The One remaining project staff member became project director, " 
and he decided to give the project another year before drawing • 



conclusions; Qenetics and Cell Biology were scheduled to be offered. 



cdhcurirently. again in the spring of 1978| and so there was another 



,Qppi)xtuhity t:i3_ Bhaw J:he,- of the coordinao^S labora:t^ries^ _ The 



miiiiHer of students, enrolling concurrently in- the two courses in the 
spring of 1978 ^ .however ^ slipped to two. ^ With oiily. two enf ollmehts 
common to the tvb courseis , ^there was even.- lea^ point t^hait preyioujly^^ 



in coordinating ttie- tw6 laboratories. There was also- less possibility^ 

■ " . ■ . ■ ■ - - ■ - ^ - ■ ' ' - '..'I 

of cbbrdination since the new teacher b£ Cell Biolbgy was a' visiting | 
faculty member' who ^new little about -the £061 project. ' And finally, • 
with the departure of the original dir.ectdr, the project lojst the 
driving force 'behind cbbrdihat ion. The idea of cbbrdinated Genetics 

and: Cell Biblogy laboratories died a quiet%death; : ~ 

■'_ ^ _. _ . _ _ \ • ' . ' ., , ! ■ ■ . . ■ . * _ , . ■ ^ 

Project Outcomes ^ . : /' 



The prbpbsal fbr this prbject described a cbritrplle^ ' evaluatid 
^bJE—proiect. outcomes; Controlled evaluation aeemed possible because 
the project director expected to be able. to locate four different^ 
groups bf students. These groups were: studeht^ who had taken ; the 
two courses before any revisions were'inade; students who would be' " J^ 
'taking both cdurses cpncurrently ; students who. would be t^kiiig bnly 
Genetics^ in the revised format since they had previously completed 



Cell Biology; and. finally, students who would be taking only Celi 
Biology in the revised format , since they had previpus^ly completed 



I - _ : ji c _ L _ 



Geheticsi The proj-^ct director planned to develop and aSminister a . 
questionnaire to -students in each bf the four groups.;" In ■additipn,. . 
the two faculty mOTb^ra,-^ cburses were /b cbmpare 

student peif orm^nce -in. the revised courseSpWith studen^^ performance in 



^ -7 



the courses before; they were revised, to evalaite the itttpact. otf . th^ 
, changes; « " ■ .' . 

-k:z:^:i:i:i:With;A::far: smallerzLenrolln^ 

director decided to abandon plans for fomal ' comparisons in favor of k 
iess^p^al evaluation.' In the first year of the. cootiinated • 
: laboxatorier,' he 80;licited-written-<;dmm^ project-f rota the" 

four students who were enrdlled in both Genetics and Cell Biology, 
f fie two students, who turned in written statements wereiidW positive 
about the integrated iaborator ies . .The - two' stadents whp did Bot, turn 
." in^written conments. ^So indicated -thm^therT^^ r 
^ labs. In the second year of ^e revised course 

took .Genetics and Geil ^iolpgy concurreiitly. "Both student's Reacted' 
favorably to the idea of integrigibn^ but neither iubmitUd writteh 
comments about the labbratbf ies * ' ' " 

The faculty membe^.' who teaches Geneti<:s is convinced of the value' 
of the experiBlents developed und^r' the teei; grant, 'anS. he is presently 
using -these laboratories in his course. No attempt. is presently beifig 
made J however, to coordinate these experiWnts with laboratory 
Cell Biology. : it ig possible, however, that ih the future the - 
integration of the two laboratories may be .given greater emphasis. 

We. yere; unable to find any evidence that "this prdject had ^n J, - 

impact' on courses other than 'Oenetics and Geii Biology. aft the cblllge. , 

■ -- ■ . ■ '- / -- - ■ - .. ' ■ ' ■. ■ - ■ ■ 1 ■ _ ■ ■' \ 

Nor^ could we find evidence that the project had'an impact butlide ' the 

cbllegei Thesproject did not affect institutional costs. prViid it V" 

■affect thf college's service to a> broader commuility; ^jI; .could -f i^^^^^^ 

only one unintended effect of the-pro^ct. The ■ clean of science' 

reported that she wpuld sfcrutiiii^e ,gr^nt proposals 



the future and try to make sure that proposais went forward *only tl^hen 
they had a reasonable chanie , of success . . ' ^ • . 

RSF Programs ^^^^^^^^^^^ — r ^ : ; : - ' 1 ^^^"^^ ' ~ ^ ^ ^ " 



The original project director considered the LOCI funding program 
o be.an excellent ; one. She fQuiid program guidelines clear^ 4nd the 

aiiibufet:ii>fiimbhey,!!::t^ iott, ^^and __r.epox.t in'g 



V 



♦ requirements . all excellent . the Second project director agreed with 
« _- _ '■ ■ ' 

' ^her OH all major points. He.felti however, that there should be- 

^ greater scrutiny -of pro jects. for commitment: /and ability of personnel . 
^td see the projects through to the end. The dean of science*^t the 

y college agreed wLth him on this point. \.\ 
^ The dean of science also pointed put- that many ' curricular " 
revision projects can be Carried out with departmental funds'- and 
without supplemental mbney frbm gbvernmeht agencies* She recommended, 
that government agencies and foundations give pjriority to two types of » 
teaching improvement efforts. Firsts she emphasized the need for \ ^ . 
■ support for develbpment bf new prbgrains.. To remain vital^ colleges. . 
need to develop new ^programs, but it -is often difficult for deans and 

.y chairpersons to* find mon<^y for hew programs. Federal gbvernmeht 

. * . . ■ ■ . ' ■ i. 

agencies and foundations cah help by^prbvidiSg. funds i Second, sli^ 
emphasized the need. for. money for replacingV upgrading, and 
maintaining equipment. In, the tight ecbhbmic circumstances: t)f higher 
educatibn today, few colleges have all the equipment that is needed in 
s'cientific laboratories. Most co;j.leges could use help .in equipment 
and upgrading their teaching labbratbries . * \ 
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A.Uhiftid Science C ours e at -a Cbiiiiiiuhitv edlliee 
The second LOCI currictiiar project took place at a private twb- 
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year college in the downtown area of a New England city bf^60i006i 
ThisAtyd-year college grew out' of the education prdgMS df a local 
:YMeA at the turn of the century, and to this day, th-e college uses some 

;of the""pp~icai: lac^ 

Trustees df the college established a separately chartered tipper- 
aivision college, atid tdday .the -upper- aid lower-division institutions 
- share facil;,ities and administration and work toward a common pufpdse. 
Together the two aivisiofls' aim to be, and hdpe to be seen as. a "nd 
frills," low-cost, conmuhity^driented, independent educational . 
institution presenting quility programs consistei^\^th the .ne^^ of 
the empldyihg cdSranity, 

Enrollment in fhe two divisions of the college numbj 
approximately 1200 students. Of: these, approximately 3^0 a^ full- 
time and 900 are part-time students, 'in a recent class:, oSe-\if th 6f 
the students were wOmeiii and two-fifths were foreign. The ins°ti?tutibn V 
today is^ trying to increase its enrollment in all categories except' 
fdreign.. Its greatest current emphas'iS, howeverj is on increased 
enrdllment of Mi: t- time cdmmuter students. ■ ; 

The,:typicai full-tiie Student at the college is^ Ibw in acadetiid i^; - 
skills. _ The average Schdlaitie Aptitude Test .verbal 'arid matheSatics'' 

---- -- ~ ' ..■ _ ' ^ : . - ■ : ' - % 

scores of a recent entering cl^ss, foi; example, ,were '384'and 419 . 

■ - ' ■ - . ■,. ■ . ■ ■ t ■ - ■ ; ■ 

respectively. Given this low level of academiq^ ability-, attrition has 

• ■, ■ ■ f ' 'V- t . .. ■ ■ - , ' . " 

been a problem. About 25 tb 30% ' bf ths studeats^ who; enroll f^ 

graduate' in fbUr semesters, and another :S% g'ra'duate afti'r bne bf two * , 

additibhal .semesters i The majority, of those v/hb ^raduatfe f-rdm the - , , . 
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Ipwer-division bbllege> however ^ go on to four-year colleges. About 
70% of the students cutrently enrblled at the college are in 



engineering or engineering technology programs. Nearly 20%. of the 
students are studying business^ and only about 10% are currently 
enrblled in liberal arts and science curricula, 

— T^^^efore-iS^yB seven- fiull;^^^ 



. science departments of -^hj^sicsi chemistry^ and biology. In 1975 the 
three departments were merged into a unified physical sciences 
department. - Subsequently, two members of the mathematics faculty weris • 
. brought into this department, and it was re-named-the- natural--science^ 
.department., Because of t^e small number of science students at the 

^college, the major task of this department is to provide service 
courses. for other programs. . T4ie engineering program, for exatnple, 
requires .-^studeAts to take three courses in physics offered in the 
natural sciences department. 

Teaching loads at the college are typically 12 contact-hours per 
weeki The institution is not ordinarily able to provide^ released time 
for faculty members to work on course development.^ Nor does it have ^" 
available many special resources • to support tfijrs kind of work-- 
^o^i^^„1^2^ts j a mini-grant program, or suminer salat^y for ciurricular; ' 

. projects Outside help is therefore important for sustained 

insttuctional or curricular development , .but beforef. the LOCI gr^ht, 

the ^college had never received government money to support 

_ • ■ _ _ _ _ . ._ ■. , ■ . 

ihstructibnalriresearch and development activities. 

Pro feet Goals and Activities . ' • 

The faculty member who ^developed the LOCI proposal -first came to-: .. 

the ihstitutibh in 1975 as cHaifman of the iewiy formed department oi. 
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Jical sciences: >He had previiDusiy wbrfcecl for one, o£ t&e East- 

.knowledgeable about development " of pro^osats and aaministfatibn of 
research grant's. One pf the college's expectations wafethat its new - 
chairman of physical sciences would develop grant' proposal's in the 
. : science "area for the school. , " : 

The proposal that this faculty mpben :develbped for .th 
competition was. tp design a^ one-year problem-solving course f bcu'sihg 
•on a single issue— transportation. The proposed' course was- tO; ^ 
. introduce students to central problem^ in the physicai^scienceSi 
mathematics; and engiiieering in a-singie, team- taught cbUrse. The k " 
course was also to serve as a prototype in the deveibpme&vbf/i^ 
■unified science curriculum at ;the college, In the" f iist ,^s:ei|tence or 
the proposal to LOCI i 'in f'ac^, the prgpbser staied.his intention tb 
■ use ^the course |s the b^sis f or^ a more comprehensive pt»pbs^I- for ' 
stippbrt .from the NSF's progratS bf Comprehensive 'Assistance .to , . 
Undergraduate Science Educ^'lioh (CAUSE) . 

0The; prbpbsed proje^^ be short'in duration. It was • 

scheduled for completion 'within three mbhths of th^ starting date^ andV 
the author of the proposal reqoiired -les.s than $6000 to coiaplete the" 
vPrbifct workv The. mo^ey -was tp be used, to cover the salary , of the 
P^ojfp^^^^^ the -suinaei-' bf 1976'and to pay a small SSoont • 



for a Vp4|u.itaht's timev The anticipated outcomes of ".the pr(54gct .'oh 
the oehertfiand;, :vere;<|sdbsttotial. They included a bdsic dSur^se ' 
o^tlltte , desig^ia^iods bf teaching -strategies to be used, lecture''. 



notes , and la|p^at^^^^^ ■ ^ 
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: During the t^iree mdhtha^n vhich tfie. project received fottnal 



funding^ the. project director 'plannfed for the co.Urse on V . 



: • trans,pqrt:at:ion, and created drkfts of prisliiiiiriary pl'anhirig mate^^^ ' ' 

.-ibr tfie course: a iramber '^f /f low charts, an extensive taxondmy of ' 
engineering concept-^, and a grid that' Irfelated these concepts to ■ ' 
• r ^B^et substantive ateas in engineering i The basic outline, lecture . 
notes^ and laboratory programs yere not put! into final shape during- 
ihe three-month period of the pHject, arid iie pr'oposed coarse /dn \ 
ttanipartation was n^ 1976--77 ^adetnic . year . 

' ' }\ described in the pr^^^ NSf! 

was meant ;to b^ a threS-mdhth' prbject j the EOCl iprbgram. in 1976 gave ^ 
'i)rdject di^^ a generous amount 6f time to . cqmpiete Ithfeir; wdrk . . 

Final reppr^^^ at the HSF. by December 1978 on all pirbjects \ 

^ begun in^ the* 1:§7B%^ At the end of the three--month funding v : 

A>peribd, ther^j^bre^ the project directdfe^till^had'^a^ td get 

material into 'shape, offer -the cSurse dn transportation, and .complete 
the project succes-sfully befbre a final report was due ait ITSF, But . .j- 
before December 1978 events occurr>d« at the cbll^^^ ' 
changed the course of the prdject. > ^ ^ ."^ 

in September of 1977 NSF's prbgram provided funds; for a* 

unif^Led science GU3;'riculuffl at the'^^collegei Th^ amdurit .df funding ^''^^ ' ■ 
(over $100,000 provided by NSF) Jwas large;, the durationr. of the prbject 
was ^relatively lc>ngH4- months.) ; and the -project was ambitious in : 
Vsc.bpe. it described a project to create a problem-brient'edi team-, 
-'taught science curriculum .that wbu id requite a 12-credit-hour, one- 
year commitment from students. .The curriculum was. to focus on four ' 



areas^ cbimnunications,^^ transportation, modern hoSpit^^ and 
municipal goyernment. 

In the eyes of the project director and of administratdrs at the 
college, the CAUSE pro ject ^ did not fdlibw a smooth course. * A number 
of factors were probably to blame. It is impossible to describe all 
of them in detail^ and at any rate an extensive description of thp . 
CAUSE prqject is outside the scope of : ttxis report. But since the £061 
and CAUSE project^ were closely linked in time, in content-, and 
l^ventyally in fate^ it is probably necessary to give jan. account: of ' 
some of the major occurrences on the CAUSE pro ject.- 

in retrospect, it appe of support for a unified 

science project was proba^ too small to begin with. The, idea; for a 
unified science project .came primarily, from t^^^ chairman of the .: 
physical sciences department and ^rbm the dean of the, college:^ / Thet^ 
; was ^pareiitly little or no .support for the idea amqng the ehgineering 
: faculty—a key group at the college. Faculty in t:he^physicai scien^ 

department knew little of the proposed project until: it receivea 

; / [. ' "': ■ _ LZ-__ ■ ■ ■ ■ -.-■■tSi' ■ ' ■ ■ 

funding. Although these. faculty members Were 

supportive of the project once it begah^: they 

the proposal or into the design of the pro ject i Ownership of the 
project wa's :^n the hands of the project director and. the college . dean, 

•just as' grant activities^ we underway, there was an 

important chang^e in administration at the college. A new president - . 
and a . new dean dame on board. With this .change in administration came 
a new set of institutional pfidrities. The new president defined as 
his top dbjecfive the strengthening of the collegers engineering ' 
PMliram,: IThis program had |6eeli a candidate for; ac^ ' 
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years and for the continued financial' viability of the institution, 
accreditation was necessity. The institution turhed dtit to be 
successful iii this effort to strengthen- erigirieerihg 4 Its ptogram 
recently received accreditation, but to achieve this objective the 
^college had to use all available resources in this single major 
"effort. ■' ^ ■' 'i ■ ' ' 

To the new .administration, the unified science program looked 
'like a^^ery appVb^ch tq^^^^ required expensive 

equipment^ and it 'required a costly form of t^ara tjeaching. The 
expenses were particularly troubling since the instituti^ usiiig 
all its available resources to upgrade its upper division prdgr am in 
engineerings The unified sciences progrira could hardly ''compete 



■ - 



successfully for funds; Other a^^ecis of the program alsa. raised 
serious ddubts. Students taking unified science would be opting for 
12 credit-hours per term of science as freshmen; unified science wouW 
be practically their total program.' Administration member^ thought 
that such a program would be unbalanced and would not be appealing to 
the students' it desperately wanted to attract to its campus. The new 
administrators at. the college therefore refused to make unified 
science a requiremjint for entering freshmen. 

The project director resigned from the college before his project 
^was completed, and the unified science course he envisioned wa^ never 
taught. In its place the department offered andther two-term, 12- 
credit-hour course. This course was also interdisciplinary and team- 
taught, but it was not so brda^d in scope as tlte' course origihally 
planned. It focused on the modern hospital only-- not on' 
communications, transportation, and municipal government . Extensive 
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materials were created for this coarse; Although it ificreased th^r 

■ work load appreci'Sbiy, five faculty laeffibers Jbintly offered the 
course i Fifteen student's vdlunteered to take it; six of tfiem were, 
left after the first semester to db'second semester workv 

. jSvaluatibn . . ^ ^""^ 

The original proposal for the LOCI project described the 
procedures that would be necessary to evaluate the cburse on > 

■ transpbrtatiori; v To juage : the out Combs of his 4)rbjlct tW i>r^ 
director (a) basic knowledge bf learners in the 
pitot project and learners in the traditional engineering curricu^^ 
(b) problem-solving skills of leaders in^the two groupsV (c) ability 

8 /to learn new skills in the future by members of the two groups. 

The course in transportation was not offered; the appropriate 
measuring instruments were not devised or selected; and so the 
relevant tneasurements of course outcomes were never made. Nor were 
laeasurements of the sort described iade in the course on the mbdern ' 
hospital. Only six students\stayed with that convse lor the whole 
year, and the number seenied too few to justify rigorous comparative 
evaluation. . • 

The faculty member who directed the CAUSE prbject at its 
completion instead arranged for self-evaluation of the course on the ' 
modern hospital.. The five facfilty members who team taught this course 
made bbservations about its teaching and noted student reactions to 
the course on a daily basis. One of these faculty members k^pt nbt6^ 
on; observations and reactions. In general^ the faculty team. thought 
that this course was successful for those students who cbmpieted iti 
.Although these students said that the course required a lot of work, 
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also said that it was worth. the effort. But since initial 
-enrplltnent was low and only, 40% of. those initially enrolled survived 
the first semester^^ the- course was dropped from jthe curriculurai 

^The current chairm an of thq science department at the college 
poitits to several pdsitiVe butcbmes of the project. First, the.NSF 
project caused :the depa^ment to try new teaching methods . Team 
teaching, which had not been used in the science departments before 
the. college received the LOCI .and CAUSE awafds^i is now being used 
successfully at the college. After wlrkihg together in the cotirse"^ 
mddern hospitals, a"^iol6gist and a phyfix^Lst bega^ teain" tMching a 
new natural science course i The interdisciplinary flavor of the ' : 



course if a direct outgrowth of work on the LOCI and CAUSE projects. 
The tOGi ^nd CAUSE projects also made the institution ihbre aware 
factors to consider in mounting hew program^ -Today, the college 
is committed to undertaking ''market analyses" before making 
commitments of its own funds to major ivew programs or seeking outside 

■ / ' -. - - ' i_- J* _ _ .. :: 

funds for such programs. The chairman -of the department of natural 

■ ■* ■ . . ■ ^ , - ■ . , 

sciences anticipates better results with more extensive assessment 
needs for new programs^ He. points with sdme satisfaction to a project 
.suppdrted by the ^Fiind for the Improvement b£ Post secondary Education 
to develop an industrial laboratory for the college. This project was' 

consistent with the objectives bf the cbllege^ and the butcbmes of the 

. . ■ ■ > ■ ■ . * 

' ~^ _ ' ■_ ■ ^ - ' _■ . _ . _! _ "J I 

project have Been positive for tlje school. He hopes that future 
projects supported with outside funding will alsb contribute tb majbr 
institutional objectives. > " » ^ 



Reactions to NSF 

■ . * '. 

Both the.^iginai director of t1ie^\ieet and CSl^^rpjects and th6 
faculty member who succeeded him as ditettbr of the cluSE project 



commented about NSF programs. Both project directors said that the 



LOCI and CAUSE projects would not ha-^e been\pOs6ible without NSF 

\ " - . ■ : ' ■ ■■ -.-V- : "} ■ - ■ . 

support. » They reported that prOgratn guidelines and reviewer comments. 



V. 

\. 



were clear and helpful. They thought that visits,':by NSF staff members 
to the projects were useful, and saw NSF- personn^l^ a# responsive and 
helpful in providing' funding extensions. . 

in the eyes of the original project director, however, evaluation 
guidelines were not strict enough, in his opinion^ NSt should demand . 
:an account of results from LOCi and. CAUSE projects. IhiS project, 
director also suggested modifications in LOCI policy; guidkine He 
recommended that institutions providini matching support fofv LOCi 
projects be screened more carefully. He also recommended SakiSg LOCI 
awards larger and to fewer prOjict direbtots to iSpro^e the impact of 



projects^ The individual? who completed LOCi and CAUSE .activities' at 
the; college said that more on-site visitation would helpful at 
institutions that are not experienced' in cafrying but instructional 
-and curricular development, with federal ^f^ 

l^evelopment Micrdprbce ssdr Laboratory 

The site for the final project was a stat^ university located in 
small Midwestern town, gartered in iS&Sr the' university has two 
campuses and a total inrollment of SOjOOO making it the eighteenth ^ 
largest university in the country. Although the institution is not a 
major research university, it offers doctoral degrees along with 
master's, baccaiiaureate, and associate degrees. 



The univetsity had d recight ierirpllinent of about .19,890 - 
undergraduate' students and 11^000 graduate' students . The majority of" 
the students were residents of the state. Tuition and fee^^ were ' ' -""^ 

ap^foxitnat^ely '$750 for residents and approximately $180 fpr;^ ' ' 

i . . : . • ^ . ■ : • . - ■ ; ' • - • • • 

no*nresidents; total expenses were estimated ^t $3200 'for residetits and 
$4300 for nonresidents. Admissidiis were competitive. ^Recently the 
university received over. 8000 applications , >nd it adcepted about 75% ' 
of them. The av-erage sqore for the entering freshmgp on the American 
College Testing Prdgrani. tests was 19. Atout 30% of freshmen graduate 
with tfieix class^ and 25%'o£ t^he men and 15% of the women pifrsue / 
graduate study*. ^ " ; 

. The faculty consists' of more than 2300 m^bers; Salaries for 
these faculty members are at the national average, and tliese faculty ' ' 
members can ttirn to a variety^df sdurces for siipjiort far instructional: 
ii9|>rdvement and prof essibnal development activities; A mini- 
sabbatical prdgram^provides tr^el/grants to individual faculty^ fdr 
attendance' at conferences and wdtkshdps. . Summer/ teaching imprbveSetit 

s • . ' . . * - . ■ * ' . ■ ■ - ' * , ■ • . ^ 

awards provide one to two mdnths of summer :^alary for course and" 
prof ess^o^l "Kvellbpm^ A total of "$50 ,dQd pfer y^ar is budgeted fdr 
these aw^ds. Released timev is alsb bccasibnally available, although 
awarded infbrmally thrbugh, ind-ividual depart^ The tearniSg 

Resburce Center at the university prbvides consultant seryices to 
faculty members with instructional prbblems. This Center also 
prbvides technical assistance to- faculty, members intere'Sted in ' . 

• V . ■ ■ . • . • ' ' '. ' ' 

developing instructional aids. ' ' • 
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Background of the Proiect - ^ 

^ The director and. cd-director of the teei pro ject were botfh 

f acuity memb if s in the computer science depart^eji€% The project : ^ 

director received her .doctorate in cbmputef skience from a research 

J^niversity in the Midwest in 1975 and came ditectly to the department 

of computer. science- as aslistant prof essd Her teaching and research 

interests included design and implementation of software systems and 
— - - - - . .' ' ■ . ' ^ 

.programffiing languages. At the completion o^f the LOCI project in 1978 ^ 

she left her teaching position to .pursue research'^.afc a maj or Research 

laboratory. The co-director got his Ph.D. in mathematics at i 

research uriiversity in the; Midwest in 1969 ^ He ais6 came directly to 

the department of computer Science as an assistant professor. He was ' 

. • > ■ ■ ■ • ■ . ' . . ■ . . ■ ' a 

promoted to associate professor in 1975V and became department : 

• chaj.rpersdn ial977. His teaching and research interests include 

design of hardware systems, theory of cdmputatibnv and hariaiy^is of 

■ . ~. ' ' " ■ . .. ■ ■ " * ■ ■ 

algorithms^ ' 

; The department of computer science- is a relatively new department 

• at the^ university. First established.' as an independent academic 

. department in 1970, it began to offer , an undergraduate major in 19Hf^ 
Eike th6 field of computer science the department o5 cotnputer. science • 
has grown rapidly in rece'rft: years. In 1974 the department had p- ■ ^ 
'unde^giaduate majors; in 1977 tkire were 2OO3 iii 1980 undergraduate. . ' 
majors totaled 400 : ■ Theie aie Currently 10 faculty members in' the 
computer science department. 

Two developments in computing stimulated the pro ject co-directors 
to develop their proposal. The first was the arrival of 

, micrpprdcessors on the computer market. Soon after the f irst 

• * - .■ • . • • ■ ' • . . ■ ' . ' . • 



microprocessor appeared in 1971, it became^pp^rent • to the pro j,^^^^ 
directors that t&icro computers wduid revoiutidnize cdmputingi* New 
methods of bperatibh would replace the bid; "central processing" ^6u 
give way to "distributed intelligence"; and the use of computing would 
expand rapidly into more and more sectors of ^society. Computer ' 



science departments were not making adequate preparations for this : 
imminent revolution, : the pro ject 'directors thought, and this troubled 
them. - * - ; 

* , i, . ' ■ V - . ♦ 

A secbhd develbpment. that concerned the project directors was* a 
growing tendency to separate hardware ^nd software concerns *in. , 
computer curricula. One bf^ the clearest sighs bf this split ^s the 
presence on college campuses of sepa-rate hardware-oriented computer 
engineering department js an^ sof tware-orieiited computer soience 
departments. With hardware and sbftware taught separately, students 
fbuhd it difficult to appreciate:\lgotal computer systems.. Their lack 
of a broad perspective was not too serious a prdblem as long as large 
tiiachihes dbmihated the cbmputihg field. 'Such machines heeded, 
specialists for support. But with the rise of smaller computers, 
generalists familiar with all .aspect is of comput^^^ijiyiitems "w^ be 
needed. Students would have tb khbw t)bth hardware and sbftware and 
hbw the two were related. ^ 

^ in 1976 the p^ject directors" d|gy^rtment was already beginning 
to integrate instruct ion bh hardware aixd sbftware. A hew course. 
Fundamentals of Computing Systems, offered for the first time in the 
fall of 19*76 - used the departm^nf's new tnini-cdmputer laboratory to 
give students hahds-bn experience .with both hafdwaf e and software. 
But with an enrollment 'of 48 in the new course, the laboratory could 



hot*i>r6vide time for exclusive us^ of. the' nji^ 

student. Labdratbry pro jects ha limited to those which could 

be carried but on a shared V * ^ 

The project directors thought tli'at they cbuld solve, both their ' 

. problems by reyising Fundament Gomputin^ Systems tO; include a* 

microprocessor iaboratory* - This revised course would bring tte_]Late;st 
computer >techjio logy into the. computer s'ciehce curriculum, and ^'i^ 
at the same time give students a . chance :;to develop their ojm small 
computing systems m an unlimited hands-on envirbnment V The^rroject 
director's 1977 liOCI jsroposkl asked NSF for appfoxiiat'ely :$25,dd0 for 
this piTOject. institutional contribution was listed as $26,^00d. The - 
iprbject was scheduled to start in aunea977 and w4s expected to be 

. completed in one year. The bulk bf the N^F funds wir6 to be used for. 
summer salaries for the co-project directors. ' Just over $3000 of^NSF 
funds weres to go for computing equipment. . 
Pr6iectT4)biectl ves and Activi ties 
. The, majbr /objectives of the project were two: 

^ a) to imbed microprocessor technbibgy into the curriculum; - / 
b) to give students the bppbrtunity to st^^^ 

between "^binputer hardware and software through, hands-bn — 
design of a microprocessor-ba^ed fcbmputer system^ \ . 
The project directors intended to devise. new type of course that 
would provide each student t/ith a microco&puter as a* personal and ^ 
'portable iaboratdry. The microcbmputers were to be both an object of 
study and a pedagogical tbbl. 

The new_course was to consist of four modules that wbuld shbw 
: students how to build a total computing system/ Starting with a 



\}. siiple piece of hardw^^^ develop their own ' loaders,^ 

•text editor s J and assemblers i The four modules were to covers 

a) Design of the microcomputer—a module to in^foduce students 
; to digital, logic circuitry, s * 

;\ bf* Interfacing—a module on the techniques 'necessary to "enable 
Y microcomputers to <K)iiimunicate , with -other dev 
c) Applications of micrbcbmputers--a module on* a - simple 
. v . application of m^ such as sitnulatidn of k 

/ digital watch. . 
■^)| Suilding ^ computing system—a module^ on Writing i se^ • 

'\\assemblef' for the microprocessor, 
to create the course, the project directors heeded; to accomplish ' 
"at le^st two tasks. First, they had to write^ material for students 

since a 'Completely suitable text was "unavailable ^• SecQnd^ they had to 

■- - — ^ ' - - - - .-■ ^ - ■. - _■ ■ _~ - ' _ 

prepare comput^sr^ hardware and software support. * They intended to 

initially purchase eight microcomputer s^png* with supporting manual^ 

^nd equipment, and enlarge the lab only after Using it for a semester 

in teaching, A graduate stJudent was to a in readying the ^ 

laboratory for the revised course.'^ ' - , 

Project activities moved aionig bii schedule, for the'mdst part . 

. Only small adjustments were made to the brigihal plans for the . - 

..prpject. One bf the proposed modules—on appiications of 

micrbcomputerfi--wa8- not developed.' Another module was written in its 

place. One of the prograniming tasks originally expected to be. 

completed iii one. year in the endrrequired the part-time efforts of one 

faculty member and four graduate students over a peribd of' twb years. : 
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The project director of Computing' 

: Systems with, a microcomputer iaboiratbry on a triar basis dUrihg^^t^ 

1977-78 academic, year. The first offering of the coarse provided' • 
_ opportunities fbi^iscovering unexpected problems and fot ref ihlhg ' 
materials and procedures i When the course was fi^st offered,, one of 
the project directors notedj only two out of eight students were able 
to complete a difficult assembler programming problem at the' end of 
the course. 'When the, course was offered for|t)ie ^purth'time recently^ 
65 put of 80 sttidefits completed this assi^^ent.''- The project dir 
was pleased';that the revisions have aplp^ren^iiy added to cbUrse, . ■ 
eff ectiyehess i ' • '' 

Today , the isiicroprdcessor is an estaBlisfied par^ of Fundamentaig 
_ of Computpg 5ystems, a couSse^ required of ^ all undergraduate computer' 
: science^m^l^. The laboratory hks\grb ^ . ' 

^micMprocessors-rhalf .are Ifotb 68O0's ^Sd. the^rema^^^ 
8085's. , Ten of * these microprocessors ^are set; up as -pirmanent - 
stations" in. the laboratory ; the remaining computers are available ior- 
cfieckput by^ studenti . The ikbqratory easily sup^brt^ '60: to 80 - ^ 
students in Fundamentals of and can probably ^ -v 

support^^gorf students. Mainti^nance of equipment in . the micropSocessor 
laSorftory ^s not been a' problem. The microprocessors are highly 
reliable and coasts for maintenance are -less than $1000 per year. 
. Departfe^^ayjiS^ budgeted for purichase and maintenance of equipment 

easily cover tliis items and a^p^rt of .these funds go toward augmenting 
' equipmeht in the labotatbrj^ " . ' i, 

• Pa'culty members and graduate students '^iil cbmputer science are : 
• currently : miking ektepaive use of the micr<)cdmputer^Uab Five- , 



faculty,' member^ in the d^partmenjb use the ' laboratory in their own • 
' f eachin;g^ V in addition,' two gfaduat^ studetits memberf 
are conducting researi::h'prb.ject s utilizing laboratory -microcompu^^ss^!- 
Four master'^.'s the se's have already been completed utilizing .equi^tnent* 
Overall j ^th'e def)iartiiiei^^^ chair pointed 6ut^;;ti^e labbratb to 
:h4ve contributed, to a redafetioh" in anxiety abput'^ojaptte^^ 



the dS^artipent ; ; \ • Y - • \; ' . ^ ' . , 

V /Faculty members .'oil tsicie df. the ;institutibn ftave also learhed"^ 



about the project Viani:iar-e« making some ':use of !the. projects- results. ^ 

• • ••'A . ^ [ ■ . ' ■'■ ' ^ ' - ' / ' • 

The i^ctqre' notes that the proje.ct 'co-darfectors origia'ally wrote for . 

■ -- ^v'-': . V ■ :■' ' ' ' --1 ; . . \. ' ^ 

- the course ^b'icaiae the basis for a .cbtaputer* science textbbok that wi'll 

be published this''fail. Both ^rbjedt directors have also presented 
:.papers ana written articles on the project. Findings have been 

'v ■■ ' • ' : - ;. ■ ■■ . • -. ' v. 

presented* at a regional wbrkshdpi a natibnal cbhference, and an ' ^ 
internaiibnat conference. (3ne of the reports 'tm project finding is is 
\ available* in a^set of published cpnference proceedings; another is / 
available in a joufnal bh "Gomputer .science. 

^ ^vaKiatibh ■ . ' V ^ ' ' ■: ' ■: ■ . • • ■ 

The project directors pianned to evalu'^te the course in twb ma,jor 

■ J * ■ ' ■ ■ ■ ■■ , ■ ' ■ . ' I* . 

ways. First, _tHi£y intended to ask 'students and faculty mem^ abbut . 
theit reactions vi<^ ':th^j^i4r^^^^^ The second approach to; .. • 

evaluation was to .be^tnbre formal, k controlled- evaluation seemed ' 
'possible sindi-Fuiidam^ Scietice. was to be offeted in 

1977778'^both with|.and without the microcomputer laboratory. - The 
.project directors planned tbu cbimdn testing devices with the two . • 
grbupsvbf students/ and they also planned to compare performance of 
:the tw<) groups in later'.upper diyisioh courses. 



Reactidhs to the course and the micrbprbMssbr laboratory were 
fayorabie 'from Isoth students and faculty. Students seemed ntbre 
istifflulated and .proactive wfien creating software for real opybs^d 
to simulated. -Sachinesi Faculty members nbt iced th^. impact of' the ^ 
laboratory on student attitudes, and began uting the laboratory in 
their own teaching.. The feedback to the project direct brs about the ' 
course and laboratory has therefore 'been very positiVe Snd gratifying. 

The project directors have not yet carried out , any formal 
evaliiatibn bf project effects. As the project detre^loped^ the prbject 
directors began to see a contrplied eyalu#tion ^s both more difficult 
•and less important to do . The project -directors thpught that the * ^ 
.number of students -taking the rev^isel course vim it wis first offered 
was too small for a formal evaluation. They also*thought that^'it 
ifould be hard :to interpret any differehce in, achievement of students 
from the revised and did versions df the course since the difference 
in ccjntent covered in the two versions was so great. Finally, the 
projiect directors were jiot sure- a fdrmal evaiuatibn of "the course was 
necessary. Its effectiveiiesi was clear enough tp the faculty, arid the 
nevi course and micrdlaboratory soon became institutidrialized at the 

- •■■colleger; ■ . ■ , ' ' ' 

Reactiotts^ d NSF 

rv-;v Overall, both , project directors considered the LOCI program 
satisfactory- for their 'needs. In their o:piriiori, reviewer coififflents 
alJbut their proposal were help They reportedj hcm^et^ that the 

cpmnents oust -be read critically 'since reviewers dd no'ti always 
accurately assess strengths and weaknesses of propbsals; The project 

ctirectbrs also said that: NSt could imt^^ aspects o£ the v- 

' > ... " - ' 



administration b"f^^;^^^^ in announcing awards , 

and a lack of clarity SBbut ,deadli5^ created somi prpbl etas for. tHe : 
project: directors. In additipny project dir^^^^ that . they' - 

would* have benefited from opportunities to discuss per^onally^ theiJ,- 
prqject results .with NSF personnel;. * • - 

Overall,. l5dth project directors considered the LOCI '^'rdgram ; 
satisfactory for their heeds.; in their bpinioh, fe^iewief "comments ■ ^ 
. about thSir prbposii'were helpful. iSey reported, however that the • 
comments^ must be readvcritically. since reviewer do hot always 
accurately assess, strengths and weaknesses of proposals. The project v 
: aisp said that NSF could improve some aspects of the 

c^.; administration of the LOCI prbgram. Tardiness in ahnbuncing ?a^ 
aha ^ lack of clarity about deadlines created sdme ptpbieSs^^^f^ the 
prbject directors, in addition^ project director's thb^ that ttiey' - 
^ would liav^ benefited frpm opportuhities to discuss personally their 
project results with NSF personnel. ^ 



Oiie of the curricular prbj department 
where it took place; in th6 ye^rB si^^^^ this LOCI project began, the. 
microcomputer, laboratory has grown in 'size and . importance 
department and. the project . di^ector-^-how department chairperson — has 
written about the project for .national ' and inteynatibnal audiences* . 
The other two projects wete less ^successful . The dir^ictbrs bf. bdth. b£ 
i the projects resigned from their institutions in disappointment before 

.'.-LA :r ' . ■ 

[the revised courses, were offered^. . Others took. up their work, ^but the 
final results 'of the projects were less than exfiected. * After one 
trybiit^ each of the revised courses w^ of . the. 
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■ ; irrajects >^ds infoniiali In each case^ students in the revised courses 
were too few to warrant fbrtnal evaluation^ ' ' . ^ 

< , i^^^there. anything that these two projects had in common that : - 
i^z: MsMfig^i lhM:i J: he^^^ 

-the two less Buccessful projectjs were both new to their institutions i 
' Frior to taking teaching positions, both had worked at major research 
^: centers. * For their projects to succeed, both teachers had to win the . 
^^' cooperatMn of their new colleagues. Both of the less successful . 
projects invdlyid4ev • .'■■i . ■ : 

It is jjos^ible that such factors influenced pr^iject butfcbmes: 

a) . Experience of project directbr—A project director who has 

just, arrived at ah institution may not be in the best 
' position to assess needs at the institutibn br to develbp 
^ realistic plans for meeting these n^eds. 

b) Scope bf pro jects—Pr^pj ects involving several cdursei requite 
more cooperation among faculty members. New. faculty member^ . 
may find it especially hard to win such cooperation from 
their cblleagues. ' 
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. \ •. Chapter 7 
bveraii . SuTi^ and Cbhclusibns 



quantitative studies of Vblume II in two waySi ffi^y provide a check 
on the datra from questionnaires and reports, aird^j^y iring up sotne 
issues not raised by the quantitative analysesT*^ 
. i^tudies. round , but the picture of the LDGI ; program that emerged from 
the studies reported in Volume ii. 

The site visits gave us an impressidn about prbjectbutcbmes that 
was. less positive, than the impress ion conveyed by . questionnaire 
results £tom teei project directors (reported in Volume II, Chapter 
5)^ but more positive than the impress^idn left by final, repbrts bn 
LOCI projects (repbrted iii Vblume £1, Chapter 6)i in our judgment, 
six out of ten projects achieved their major goals'. One of the 
remaining four projects produced sbme positive effects^ Snd- three bf 
the. prbjects seemed to accbmpiish little of a positive nature. Three ' 
o£ tjie ten project directors documented their project results with 
quantitative data ;in final repbrts . The -bther. pro ject directbfs 
;^ither did not submit final reports or submitted final reports. that 
were descriptive and impressionistic./ ^^^^^^^ 

We cdUld nbt reach firm cbhclusibns abbut factbts that 
cbntfibuted to successful project outcomes 'because the sample of 
institutions that we visited was so small. The site visit^^^ 
suggested that -several factbrs may be 'related to.' successful project 
outcomes: ' ■ 
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a) Projects involving "low" technology may have been more 
successful than projects involving more complex tec^^^ 
With mote complex hardware^ project directors seemed to run. 

~~ititonnore~]Bnag87"7~~~"~~T" "~ ": t --)- ----- .— - . . 

b) Projects that involved adaptation of existing approaches 
seemed to have- more positive outcomes thau pro jects inyoiving 
development of new approaches. Project director^ who had 
clear models to imitate--especiaily models 
learned about in wbrkshbps--seemed to have an easier time 
than project directors who tried to construct new approaches 
by themselves, 

c5 Project directors with career commitmefits tb instructional 
^ . research and deveipp^^ seemed more likely to cbmplete their 
projects successfully. . ^ 

d) ^rdjects directed by faculty members who had "settled in" at 
an institution seemed more successful than projects bf^ 
faculty members in. their first year at. ah 'institution. 

e) Projects involving a single course taught b^^ a LOCI project 
- director seemed more sScces^^ than tnulti-cdurs^ projects . ; " 

. ^ Resources pitoyided by LOCI may be spread too thin on muiti- 
^ , course. prbjects. : 

The site visits thus suggested several areas where prbgram 
^^ttideiines might be imprdved: .. ; 

, a) Prbject directors-- NSF program ^nagers may wish td cdniider 
testricting awards to teachers whd have been at institutiphs 
fbr^^t least ;'a year. Just as institutions require faculty 
members to teach for several years. before they apply for 



saBbatxcal leaves fdr further study, LOCl'migtit require 
faculty members to servis at institutions for a year or two 
before Bubmitting applications for updating courses or . 
programs-at -the-institutio 
appropriate when a project involves several courses or a 
whole program^ Faculty :members who have, "settled in" for a 
year or_ two might assess better than newcomers the 
difficulties they will meet in trying to change a sequence or 
group of courses at an institutions 

Evaluation—Most LOCI proposals did not commit the project 
directors to careful and cohtrblled evaluation of project 
outcomes , and project directors sometimes "cut back" on 
evaluation activities during their 'projects/ Without better 
local evaluation of projects^ Conclusions about results of 
projects will* always be open to question. This is surely an 
area where better guidelines can be written for faculty ^ 
members writing proposals and for reviewers reading them. 
Final reports— Guidelines for final reports are also in need 
of improvemeiilj . Some of the project directors we visited 
were uncertain about expectations for final reports. One ^ 
project director was dismayed . to have a final report rpturn^d 
with a jiotatidn that it was submitted too early. Two others 

learned that final reports thiy submitted did not reach th^e 

. ■ ' • '. ' ■ ' ■ . - »• ' ' . . ■ ■ ■ • 

proper division of NSF. More clarity in guidelines for 
submitting final reports is therefore necessary i The 
guidelines should also encourage project directors to submit 
.reports with results that can be synthesized effectively by 
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program managers.. In feciSt years educationai resea 
have developed tools for bbjectively' synthesizing applied, 
findings in education and. other areas, and these tools can 
yield objective generalizations about the effect ivi^^s^f " 
large groups of/projects. In principle ^ these^tools can be 
applied to results from funding programs such as LOCI, but in 
reality: the results Reported by LOCI project directors, are* 
far- too impressionistic to be of use in dbjettive synthe 
In our opinion, this area i more than any other, needs careful 
attention from NSF personneli ' . 
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